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(57) Abstract 

Tetrazoles and their pharmaceutically acceptable salts which are selective agonists for the delta opioid receptor, particularly useful 
in the treatment of inflammatory diseases such as arthritis, psoriasis, asthma, inflammatory bowel disease, disorders of respiratory 
function, gastro-intestinal disorders such as functional bowel disease and functional GI disorders, of formula (I), wherein R 1 is H, Q-C* 
alkanoyl, C1-C6 alkyl, C2-C45 alkenyl, C2-C6 alkynyl, Ca-C7 cycloalkyl, (Cs-Cj cycloalkylHCi-CU alkyl), (C1-C4 alkoxyMCi-Q alkyl), 
carboxy-<Ci-C4 alkyl), aryHCi-CU alkyl) or heteroaryKCi-Cj alkyl); R 2 and R 3 are each independently H or C1-C4 alkyl; R 4 is selected 
from (i) H, (ii) a group of the formula R 6 -CCH2)m-Z-(CH2)ir-, where m is 0, 1, 2 or 3, n is 1, 2 or 3, Z is a direct link or O, and R 6 
is -CO2H or -CO^Ci-Q alkyl), and (iii) a group of formula (a) where R 7 is H or C1-C4 alkyl; and R 5 is hydroxy, C1-C4 alkoxy or 
-NHS02(Ci-C4 alkyl); with the proviso that when Z is O, m is 1, 2, or 3 and n is 2 or 3. 
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ANTI-INFLAMMATORY PIPERAZINYU-B EN2TV r L-TETR AZOLE DERIVATIVES AND INTERMEDIATES THEREOF 

This invention relates to tetrazole derivatives which have utility as ligands for 
opioid receptors. 

More particularly, this invention relates to tetrazoles, their preparation and then- 
use as selective agonists for the delta receptor. 

At least three subtypes of opioid receptors (mu, delta and kappa) are described and 
documented in the scientific literature. All three receptors are to be present in the central 
and peripheral nervous systems of many species including man. Activation of delta 
receptors is known to produce antinociception in rodents and can induce analgesia in 
man, in addition to influencing motility of the gastrointestiiial tract [see Burks, TJ. 
(1995) in "The pharmacology of opioid peptides", Tseng L.F. ed. Harwood Academic 
Publishers]. 

We have discovered a novel class of tetrazole derivatives which are potent and 
selective delta opioid agonists which are useful for preventing or treating inflammatory 
diseases such as arthritis, psoriasis, asthma, or inflammatory bowel disease, disorders of 
respiratory function, gastro-intestinal disorders such as functional bowel disease, 
functional GI disorders such as irritable bowel syndrome, functional diarrhoea, functional 
distension, functional pain, non-ulcerogenic dyspepsia or others associated with disorders 
of motility or secretion, urogenital tract disorders such as incontinence, as analgesics for 
treating pain including non-somatic pain, or as immunosuppressants to prevent rejection 
in organ transplant and skin graft 
Thus the invention provides compounds of the formula:- 




... (|) 



and their phannaceutically acceptable salts; 
wherein 
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R 1 is H, C2-C 6 alkanoyl, C r C 6 alkyl, C 2 -C* alkenyl, C 2 -C 6 alkynyl, C3-C7 cycloalkyl, <C 3 - 
C 7 cycloalkyl)-(C,-C 4 alkyl), (C r C 4 alkoxy)-(C r C 4 alkyl), carboxy-(C,-C 4 alkyl), aiyl- 
(C r C 4 alkyl) or heteroaryl-(C r C 4 alkyl); 
R 2 and R 3 are each independently H or Ci-C 4 alkyl; 

R 4 is selected from (i) H, (ii) a group of the formula R 6 -(CH 2 )ra-Z-(CH 2 )n-> where m is 0, 
1, 2 or 3, n is 1, 2 or 3, Z is a direct link or O, and R 6 is -CO2H or -CQrfCrC* alkyl), 
and (iii) a group of the formula 



and R 5 is hydroxy, C r C 4 alkoxy or -NHS0 2 (C r C 4 alkyl); 
with the proviso that when Z is O, m is 1, 2 or 3 and n is 2 or 3. 

Where appropriate, the alkyl, alkanoyl, alkoxy, alkenyl and alkynyl groups can be 
straight or branched chain. 

Preferred aryl groups are phenyl and naphthyl, both optionally substituted by up to 
three substituents each independently selected from halo, trifluoromethyl, Ci-C 4 alkyl and 
Ci-C 4 alkoxy. 

More preferably, "aryl" is phenyl optionally substituted by one or two substituents 
as defined above. 

"Halo" means F, CI, Br or I. 

Preferred heteroaryl groups include 5- or 6-membered aromatic heterocyclic 
groups such as thiazolyl, oxazolyl, oxadiazolyl, thiadiazolyl, pyridinyl, pyrimidinyl and 
pyrazolyl. 

Thiazol-2-yl is the most preferred heteroaryl group. 




where R 7 is H or d-C 4 alkyl; 



The preferred alkyl groups are methyl and ethyl. The preferred alkoxy groups are 
methoxy and ethoxy. The preferred alkanoyl group is acetyl. The preferred alkenyl 

2 
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group is allyl. The preferred alkynyl group is vinyl. The preferred cycloalkyl group is 
cyclopropyl. 

The tetrazole group is preferably attached to the 3- or 4- position of the adjacent 
phenyl ring. 

R 1 is preferably H, allyl, benzyl, C r C 4 alkyl, or (C3C7 cycloalkyl)methyl; most 
preferably allyl. 

R 2 and R 3 are preferably each independently H or methyl; more preferably both 
methyl or both H; most preferably both methyl. 

R 5 is preferably hydroxy, methoxy or -NHSOjMe; most preferably hydroxy. 

R* is preferably H or a group of the formula (a) -<CH 2 )pC02H or -(CH 2 ) P C02 (Ci- 
C 4 alkyl) where p is 1,2,3 or 4, (b) -(CH 2 )2-0-CH 2 C0 2 H, (c) -(CH 2 VO-CH 2 C0 2 (CrC4 
alkyl) or (d); 



Preferred individual compounds are those of Examples 1, 4, 24, 27, 36, 42, 
94,96,104 and 107. 

The preferred stereochemistry of the compounds of the formula (i) is as follows:- 



Such compounds are most readily prepared by using starting materials with the 
appropriate stereochemistry. 




where R 7 is H or C r C 4 alkyl. 



In R 4 , the preferred alkyl group is ethyl. 




~-(IA) 
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The compounds of the formula (I) can be prepared by conventional routes such as 
those set out in the following Examples and Preparations and in WO- A-93 15062. 



Route A 

Compounds of the formula (I) in which R 5 is hydroxy can be prepared by the 
reaction of the corresponding methoxy compounds of the formula (I) with boron 
tribromide. Preferably boron tribromide in dichloromethane is added to a solution of the 
methoxy starting material in dichloromethane and the mixture is stirred at room 
temperature for a few hours. The product can then be isolated and purified by 
conventional techniques. 

Removal of a hydroxy-protecting group from the corresponding hydroxy-protected 
compound is also possible, typified by the conversion of t-butyidimethylsilyloxy to 
hydroxy using tetraethylammonium fluoride. 

Rout£_B 

The compounds (I) in which R 4 is H, can be prepared by the reaction of a 
corresponding nitrile of the formula:- 




-(II) 



where R\ R 2 , R 3 and R 5 are as defined for formula (1), 
with dibutyhin oxide and trimethyisilyl azide. 

The reaction is typically carried out in a suitable organic solvent such as dry 
toluene at from about 50 °C to the reflux temperature. If necessary, a hydroxy group 
represented by R 5 can be protected prior to reaction, e.g. by a t-butyldimethylsilyl 
protecting group, and the protecting group can be removed subsequently by a 
conventional technique. 
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Route C 

Compounds (I) in which R 4 is either (i) R 6 ^CfyU-Z-iCH&r where R 6 is 
-C0 2 (C r C 4 alkyl) and Z, m and n are as defined for formula (I) or (ii) 




where R 7 is Ct-C 4 alkyl can be prepared by the alkylation of the corresponding 
compounds in which R 4 is H with an alkylating agent of the formula, respectively, > 
R 6 -(CH 2 ) m -Z.(CH 2 VQ l - - - (mA) 

or 

Q— CH 2 — f~% — (1MB) 

where Z, m and n are as defined for formula (I), R 6 and R 7 are defined in this method and 
Q 1 is a leaving group, preferably Br. 

The reaction is typically carried out in the presence of a base such as potassium or 
cesium carbonate in a suitable organic solvent, e.g. acetonitrile, under gentle reflux. 

This reaction generally produces a mixture of compounds in which the group R 4 
is attached to the 1- and 2- positions of the tetrazole ring. 

When a compound in which R 5 is hydroxy is required, it may be necessary to 
protect the hydroxy group before reaction, such as by a t-butyidimethylsilyl group, which 
can be removed conventionally after reaction, e.g. by the use of tetraethyiammonium 
fluoride. 

In an alternative alkylation procedure, the corresponding compound in which R 4 is 
H is reacted firstly with a strong base such as sodium ethoxide (prepared by adding 
sodium metal to ethanol) and then with the compound m, no additional base being 
necessary. 

5" 
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Route D 

. Compounds (I) in which R 6 is -CO2H can also be prepared by the hydrolysis, 
preferably alkaline hydrolysis, of the corresponding esters in which R* is C1-C4 alkyl. 

The reaction is typically carried out with aqueous sodium hydroxide in methanol or 
a mixture of dioxane and methanol at room temperature. 

Route 

Compounds (I) in which R 6 is -C0 2 H can also be prepared by the hydrolysis of the 
corresponding compounds in which R 4 is NC-(CH2)m-Z-(CH2)n- 
where Z, m and n are as defined for formula (I). 
Acidic hydrolysis using hydrogen chloride gas in ethanol is preferred. 

Route F 

Compounds (I) in which R 4 is l-[CH 2 C(>2(CrC4 alkyl)] and R 5 is -OH can be 
prepared by ring closure by the reaction of a compound of the formula: - 

0 




where R l , R 2 and R 3 are as defined for formula (I) and Q 2 is a hydroxy-protecting group 
such as t-butyldimethylsilyl, with diethyl azidodicarboxylate, triphenyl phosphine and 
trimethylsilyl azide in a suitable organic solvent such as toluene. 
Generally the protecting group Q 2 is removed under the reaction conditions. 

Route G 

Compounds (I) can be prepared by reaction of an aldehyde of the formula:- 
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(V) 



v CHO 

where R 4 is as defined for formula (I), 
with a compound of the formula :- 




where R 1 , R 2 and R 3 are as defined for formula (I), 

in the presence of benzotriazole, typically under reflux in an organic solvent such as 
toluene with azeotropic removal of water, following by cooling, e.g. to -20 °C, and 
reaction with a Grignard reagent of the formula:- 

BrMg^^^ 

where R 5 is -OQ 2 where Q 2 is a hydroxy-protecting group such as trimethylsilyl. 

Any hydroxy-protecting groups which are present are generally removed by the 
reaction conditions, or can be subsequently removed by a conventional technique. 



Route H 

Compounds in which R 1 is H can be prepared by reaction of the corresponding 
compound in which R 1 is allyl with tris(triphenylphosphine)rhodium(I) chloride, typically 
under gentle reflux in a solvent system such as aqueous acetonitrile. 

Route I 



Compounds of the fbraiula (I) in which R 4 is R 6 -<CH 2 ) m -Z.(CH 2 V attached to the 
1 -position of the tetrazole ring and Z,m,n,R\R 2 ,R 3 ,R 5 and R 6 are as defined for formula 
(I) can be prepared as follows:- 
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1. PCIs toluene 

2. Trimethylsilyl azide 




Route J 

Compounds of the formula (I) in which R 5 is -NHS0 2 (CrC 4 alkyl) can be prepared 
by the reaction of the corresponding amino-substituted compound with a C r C 4 
alkanesulphonyl chloride, typically in the presence of an acid-acceptor. 

Route K 

Compounds of the formula (I) in which R l is CrQ alkyl, aryl -(C1-C4 alkyl) or 
heteroaryl -(C1-C4 alkyl) can be prepared by the reductive alkylation of the 
corresponding compounds in which R 1 is H using the appropriate aldehyde (C r C 5 
alkyl)CHO, aryLCHO or heteroaryl. CHO and a reducing agent such as sodium 
triacetoxyborohydride. 

The invention also includes any novel intermediates described herein, particularly 
those of the formula (II). 



9 
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The necessary intermediates for the processes described above can be prepared by 
conventional methods such as those set out in the following Preparations, e.g. as 
follows:- 



1. Benzotriazole, 
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(C) 
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H 

(o f N Y R3 

R 1 

1. Benzotriazole, 
(C r C 4 alkoxy). CO. 



~^~~^—CHQ. reflux. 

2 nr*A„—/~~\ W (reaction ) 
2- BrMg— <( J (atc.-20»C) 



0(C,-C 4 alkyl) 



(C r C 4 alkoxy).CO 




(C,-C 4 alkyl) 



Hydrolysis (e.g. aqueous NaOH) 



HO,C 




(C r C 4 alkyl) 



1. 1-Hydroxybenzotriazole, diisopropylethylamine, 

1 -(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride 

2. RSCH 2 ) m -Z-(CH 2 ) n NH 2 .HCI [R« = -CO^C,-^ alkyl]. 



RMCH 2 ) m -Z-(CH 2 ) n -NHC 

0 




0(C,-C 4 alkyl) 



if 
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Suitable pharmaceutical^ acceptable acid addition salts are formed from acids 
which form non-toxic salts and examples are the hydrochloride, hydrobromide, 
hydroiodide, sulphate, hydrogen sulphate, nitrate, phosphate, hydrogen phosphate, 
acetate, maleate, fumarate, lactate, tartrate, citrate, gluconate, succinate, benzoate, 
methanesulphonate, benzenesulphonate and g-toluenesulphonate sahs. 

Suitable pharmaceutical^ acceptable base salts are formed from bases which form 
non-toxic salts and examples are the calcium, lithium, magnesium, potassium, sodium, 
zinc, ethanolamine, diethanolamine and triethanolamine salts. 

For a review on suitable salts see Berge SLiL J.Pharm.Sc L66 r 1-19 (1977). 

As will already be apparent the compounds of the formula (I) will contain one or 
more asymmetric carbon atoms and will therefore exist in two or more stereoisomers 
forms, or they may exist as tautomers. The present invention includes the individual 
stereoisomers and tautomers of the compounds of the formula (I) and mixtures thereof. 

Separation of diastereoisomers maybe achieved by conventional techniques, e.g. 
by fractional crystallisation, chromatography or H.P.L.C. of a stereoisomeric mixture of 
a compound of the formula (I) or a suitable salt or derivative thereof An individual 
enantiomer of a compound of the formula (I) may also be prepared from a corresponding 
optically pure intermediate or by resolution, such as by H.P.L.C. of the corresponding 
racemate using a suitable chiral support or by fractional crystallisation of the 
diastereoisomeric salts formed by reaction of the corresponding racemate with a suitable 
optically active acid or base. 

Receptor binding assays 

Opioid (mu and kappa) receptor binding assays were performed in guinea-pig brain 
membrane preparations. Binding assays were carried out at 25 °C for 60 minutes in 50 
mM Tris (pH 7.4) buffer. [ 3 H]-DAMGO (2 nM) and [*H]-U-69,593 (2 nM) were used to 
label mu and kappa receptor binding sites respectively. The protein concentration was 
approximately 200 ^ig/well. Non-specific binding was defined with 10 fiM naloxone. 

Delta receptor binding assay was performed in a stable line of CHO cells 
expressing the human delta receptor. The binding assay was carried out at 25 ° C for 
120 minutes in 50 mM Tris (pH 7,4) buffer. [ 3 H]-SNC-80 was used to label delta 
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receptor binding sites. The protein concentration was approximately 12.5 ng/well. Non- 
specific binding was defined with 10 jiM naltrexone. 

The binding reaction was terminated by rapid filtration through glass fibre filters, 
and the samples washed with ice-cold 50 mM Tris buffer (pH 7.4). All assays were 
performed in duplicate/triplicate. 

Isolated tissue studies 

Opioid (delta, mu and kappa) activity was studied in two isolated tissues, the 
mouse vas deferens j[MVD)(5) and the guinea-pig myentric plexus with attached 
longitudinal muscle (GPMP)(n and k). 

MVD (DC1 strain, Charles River, 25-35 g) were suspended in 15 ml organ baths 
containing Mg^-free Krebs' buffer of the following composition (mM): NaCl, 119; KC1, 
4.7; NaHC0 3 , 25; KHJCU, 1.2; CaCl 2 , 2,5 and glucose, 11. The buffer was gassed with 
95% 0 2 and 5% C0 2 . The tissues were suspended between platinum electrodes, 
attached to an isometric transducer with 500 mg tension and stimulated with 0.03 Hz 
pulses of 1 -msec pulse-width at supramaximal voltage. IC$ 0 values were determined by 
the regression analysis of concentration-response curves for inhibition of electrically- 
induced contractions in the presence of 300nM of the mu-selective antagonist CTOP. 
This test is a measure of 5 agonism. 

Guinea-pig (Porcellus strain, male, 450-500 g, Dunkin Hartley) myentric plexus 
with attached longitudinal muscle segments were suspended with 1 g of tension in Krebs' 
buffer and stimulated with 0. 1 Hz pulses of 1-msec pulse-width at supramaximal voltage. 
Mu functional activity was determined in the presence of 10 nM nor-BNI with 1 }iM of 
the mu selective agonist, DAMGO, added to the bath at the end of the experiment to 
define a maximal response. This test is a measure of mu functional agonism. 

Kappa functional activity was determined in the presence of and i^iM CTOP with 
1 |iM of the kappa selective agonist U-69,593 added at the end of the experiment to 
define a maximal response. All inhibitions of twitch height for test compounds were 
expressed as a percentage of the inhibition obtained with the standard agonist and the 
corresponding ICso value determined. 
DAMGO is [D-Ala2,N-MePhe4,Gly5-ol]enkephalin) 

U69593 is ((5a,7a,8bH + >N-methyl-N-(7-[l-pyiToHdinyl]-l-oxaspiro[4,5]dec- 
benzeneacetaxnide) 
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SNC-80 is (+)-4-[(aR)^((2S,5R)-4-allyl^ 

N,N-diethylbenzamide 

norBNI is nor-binaltorphimine 

CTOP is 1,2-Dithia-5,8,1 1,14,17-pentaazacyclodcosane, cyclic peptide derivative 
DPDPE is [D-Pen2,D-Pen5]enkephalin) 

[3H]-DAMGO, [3H]-U69593, norBNI, and CTOP are all commercially available from 
DuPont, Amersham International, RBI and DuPont respectively. 
[3H]-SNC80 was prepared by Amersham International. 

In general, a therapeutically effective daily oral or intravenous dose of the 
compounds of formula (I) and their salts is likely to range from 0.01 to 50 mg/kg body 
weight of the subject to be treated, preferably 0.1 to 20 mg/kg. The compounds of the 
formula (I) and their salts may also be administered by intravenous infusion, at a dose 
which is likely to range from 0.001-10 mg/kg/hr. 

Tablets or capsules of the compounds may be administered singly or two or more 
at a time, as appropriate. It is also possible to administer the compounds in sustained 
release formulations. 

The physician will determine the actual dosage which will be most suitable for an 
individual patient and it will vary with the age, weight and response of the particular 
patient. The above dosages are exemplary of the average case. There can, of course, be 
individual instances where higher or lower dosage ranges are merited, and such are 
within the scope of this invention. 

Alternatively, the compounds of the formula (I) can be administered by inhalation 
or in the form of a suppository or pessary, or they may be applied topically in the form of 
a lotion, solution, cream, ointment or dusting powder. An alternative means of 
transdermal administration is by use of a skin patch. For example, they can be 
incorporated into a cream consisting of an aqueous emulsion of polyethylene glycols or 
liquid paraffin. They can also be incorporated, at a concentration of between 1 and 10% 
by weight, into an ointment consisting of a white wax or white soft paraffin base together 
with such stabilisers and preservatives as may be required. 

The following Examples illustrate the preparation of the compounds (I) and the 
Preparations illustrate the preparation of novel starting materials. 

fS 



WO 98/52929 PCT/EP98/02277 



EXAMPLE 1 
hvdroxvbenzvllphenvlMH-tetrnzoIe 




Boron tribromide (1M solution in dichloromethane; 10ml) was added to a solution of the 
compound from Example 52 (lg) in dry dichloromethane (20ml) and the resulting 
solution/suspension was stirred at room temperature for 5 hours. The solvent was 
evaporated in vacuo and the residue basified with methanolic ammonium hydroxide 
solution and evaporated once again. The residue was purified by column 
chromatography over silica gel using gradient elution 
(dichloromethane/methanol/ammonium hydroxide; 93/7/1 to 80/20/3) to afford a foam. 
This material was further purified over a polystyrene reverse phase resin using gradient 
elution (100% water/0% acetonitrile to 0% water/100% acetonitrile). The acetonitrile 
was evaporated in vacuo and the remaining aqueous solution was frozen and lyophilised 
to afford the title compound as a fine white powder, 762n^. 

5h (300MHz, d6-DMSO): 9.27 (1H, br s), 7.93 (2H, d), 7.52 (2H, d), 7.13 (1H, t), 6.80- 
6.60 (3H, m), 5.82 (1H, m), 5.30-5.15 (2H, m), 5.04 (IH, s), 3.37 (1H, dd), 3.10 (1H, 
dd), 2.92 (1H, m), 2.82 (1H, m), 2.70 (1H, m), 2.66 (1H, m), 2.36 (1H, m), 1.97 (IH, 
dd), 1.10 (3H, d), 1.02 (3H, d). 
m/z: 405 (MH+) 

Found: C, 63.82; H, 7.04; N, 20.09. CaHjgNsO.O.lNHiBr requires C, 63.90; H, 7.09; 
19.76% 

[a] D +13.4° c=0. 1 12, methanol 

'1 
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EXAMPLE 2 

^VS-(4-rfRV-a-f2rS).5fR)-4-ethvl-2^-diinethvl-l-piDerazinYlV3- 
hvdroxvbenzvllphenvU-lH-tetrazole 
N-N 




Me" 
Me' 

A solution of the compound of Preparation 8 (241mg), dibutyltin oxide (102mg) and 
trimethylsilyl aade (6l9mg) in dry toluene (10ml) were heated together under a gentle 
reflux for 18 hours. The reaction mixture was evaporated to dryness in vacuo and the 
residue purified by column chromatography over silica gel (80/22/3 
dichloromethane/methanol/ammonia) to afford the title compound after trituration with 
ethyl acetate, 193mg. 
m/z: 393 (MH+) 

Rf: 0.22 (80/20/3 dicUoromethane/methanol/ammonia) 

Found: C, 64.99; H, 7.3 1; N, 19.89. C^aNsO^/SHA l/6EtOAc requires C, 65.12; 

H, 7.36; N, 20.09% 

[cc] D +10.8° (c 0.12, methanol) 

EXAMPLES 3 to 12 
The following compounds of the general formula: 

N-N 




or salts thereof, were prepared from the corresponding nitriles (see Preparations 9 to 13, 
16, and 21 to 24) by similar methods to that used in Example 2. 

2o 
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Ex 


R 1 


m/z 


Rr(a) 


fain 


A/ficro A naivete 


3 


Pr 


407 


0.25 


+9 
c 0 1 


Found: C, 65.61; H, 7.69; N, 19.42. 
^23"3<mN6U. J/3ii2U. l/ofctUAc requires C 
65.72; H, 7.60; N. 19.32% 


4 


Benzyl 


455 


0.18 


-23 


Found: C, 68.70; H, 6.73; N, 17.68. . 
^27*1301^6^. ri2U requires oo.t>2; H, 6.83; N 
17.78% 


5 


Thiazol-2- 
vICHt- 


362 


0.30 


-34 


Found: C, 59.0 1 ; H, 6. 1 5; N, 20. 1 1 . 
^24n27N7vJa.J/zll2VJ requires C, 59.00; H, 
6. 19; N. 20.01% 


6 


Me 


379 


0.24 


+43 


Found: C, 63.84; H, 6.99; N, 21.68. 1 
wiH26N«U.y/10H2O requires C, 63.91; H, 
7. 10; N, 21.29% 


7 


-CHjCOjH 


423 


0.04 


+5 


Found: C, 58.86; H, 6.58; N, 20.41. 
C22H26Ks03.H20.1/3NHj requires C, 58.85; H, 
6.62; N, 20.28% 


8 


-COMe 


407 


0.29 


-60 


Found: C, 60.77; H, 6.81; N, 21.86. 
C22H26N6O2.H2O.4/5NH4OH requires C, 60 78 
H, 7.00; N. 21.91% 


9 


Cyclopropyl. 
CH 2 - 


419 


0.32 


-7 


Found: C, 65.79; H, 7.19; N, 19.49. 
C24H3oN«O.H 2 0 requires C, 66.03; H, 7.39; N, 

19.25% 


10 




473 


0.42 


-1° 

* 


Found: C, 66.36; H, 6.24; N, 17.56. 
CnHaJNeOJHzO requires C, 66.59; H, 6.33; 
N, 17.26% 


11 


.XT 


485 


0.43 


-4° 

*4 


Found: C, 66.75; H, 6.70; N, 16.82. 
C28H32N6O2.H2O requires C, 66.91; H, 6.82; N, 
16.72% 


12 




523 


0.44 


0° 
*** 


Found: C, 62.29; H, 5.73; N, 16.38. j 
C28H29F 3 N«0.1/3NH3.2/3H20 requires C. 
62.25; H, 5.85; N, 16.41% 



Notes: a) solvent system 80/20/3 dichloromethane/methanoi/ammonia; b) c=0.1, 
methanol; c) [a] 3<3 -45° * (c 0. 1, methanol); ** d) [a] 43 6 -28° (c 0. 1, methanol); *** e) 
[<x] 363 -34° 
(c 0.1, methanol); 

Example 3. (+)-5-{4-[(R)-aK2(S),5(R)^propyl-2 > 5-dimethyl-l.pi P erazinyl)-3- 
hydroxybenzyl]phenyl}-lH-tetrazole 
2/ 
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Example 4. (-)-5-{4-[(R>a-(2(S),5(R^ 

hydroxybenzyljphenyl}- lH-tetrazole 
Example 5. (-)-5-{4-[(R)-a-(2(S),5(R)-4-tW^ - 



Example 6. (4>5-{4-[(R)-a-(2(S),5(R)-4-methyI^ 

hydroxybenzyljphenyl }- 1 H-tetrazole 
Example 7. (+)-5-{4-[(R)^-(2(S),5(R)^ 

3 -hydroxybenzyljphenyl } - 1 H-tetrazole 
Example 8. (->5 ; {4-[(R)-a-(2(S),5(R)-4-acetyl-2 5 5-dimethyl-l-pipera 

hydroxybenzyljphenyl}- 1 H-tetrazole 
Example 9. (->5-{4-[(R)-a-(2(S),5(R)-4-^ 

piperazinyl)-3-hydroxybenzyl]phenyl } - 1 H-tetrazole 
Example 10. (->5-{4-[(R)-aK2(S),5(R)-4-^ 

piperazinyl)-3-hydroxybenzylJphenyl}-lH-tetrazole 
Example 11. (^-^[(R^^S^CR^^ 

piperazinyl)-3-hydroxybenzy 1 Jphenyl } - 1 H-tetrazole 
Example 12. 5-{4-[(R)-a-(2(S),5(R)^ 

piperazinyI)-3-hydroxybenzylJphenyl}-lH-tetrazole 

EXAMPLES 13 and 14. 
Ethvl f5-(4-rniVa-f2fS>,5fRV4>benzvl-2,5-dimethvl-l-piDerazinvn-3- 

hvdroxvbenzvl1phenvl)-2-tetrazoIvnacetate. 
Ethvl r5-f4-rfRV-a-f2fS^5fRV4-benzvl-2.5-dimethvl-l-pioerazinvlV3- 

hvdroxvbenzvIlphenvIM-tetrazolvflacetate. 



piperazinyt)-3- hydroxybenzyl]phenyl}-lH-tetrazole 




and 
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A solution of the compound of Preparation 28 (1.704g), ethyl bromoacetate (501mg)) 
and potassium carbonate (1.38g) to acetonitrile (40ml)) was heated under a gentle reflux 
for 2 hours. The cooled reaction mixture was partitioned between water and ethyl 
acetate. The aqueous layer was separated and extracted with further ethyl acetate. The 
combined organic extracts were washed with water, saturated brine solution, dried 
(Na2S04) and evaporated to dryness to vacuo. The residue was dissolved in 
tetrahydrofuran (20ml) and tetraethylammonium fluoride (1.1 lg) to water (2ml) added. 
The mixture was stirred at room temperature for 18 hours then partitioned between ethyl 
acetate and water. The layers were separated and the organic phase was washed with 
water and saturated brine solution, dried (MgS04) and evaporated to dryness in vacuo. 
The residue was purified by column chromatography over silica gel (100% hocane to 
40% ethyl acetate/hexane) to afford the N-2 isomer, 1.20g, followed by the N-l isomer, 
248mg,. 

N-2 Isomer: (Example 13) 
m/z: 541 (MH+) 

Rf: 0 33 (1/1 hexane/ethyl acetate) 
N-l Isomer: (Example 14) 
m/z: 541 (MH+) 

Rf: 0.26 (1/1 hexane/ethyl acetate) 

Example 13: 5h (300Mhz, CDCfe): 7.60 (2H, d), 7.48 (2H, d), 7.34-7.16 (6H, 

m), 6.80-6.62 (3H, m), 5.18 (2H, s), 5.12 (1H, s), 4.24 (2H, q), 
3.92 (1H, d), 3.20 (1H, d), 2.80-2.56 (4H, m), 2.04 (2H, m), 1.24 
(3H,q),1.10(6H,m) 

Example 14 5h (300Mhz, CDC1 3 ): 8.18 (2H, d), 7.56 (2H, d), 7.36-7.12 (6H, 

m), 6.82-6.64 (3H, m), 5.42 (2H, s), 5.20 (1H, br s), 5.10(1H, s), 
4.28 (2H, q), 3.92 (1H, d), 3.20 (1H, d), 2.78-2.56 (4H, m), 2.02 
(2H, m), 1.28 (3H, q), 1.10 (6H, m) 
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EXAMPLES 15 to 18 
The following compounds of the general formula: 




Me*' N 



Ph 



were prepared by alkylation of the compound of Preparation 28 with a ethyl 4- 
bromobutyrate or ethyl 5-bromovalerate as appropriate by similar methods to that used 
in Example 13/14. 



Ex 


Isomer 


n 


m/z 


Rf 

1/1 hexane/ethyl acetate 


15 


N-l 


3 


569 


0.29 


16 


N-2 


3 


569 


0.42 


17 


N-l 


4 


583 


0.40 


18 


N-2 


4 


583 


0.53 


Examp 


e!5. Ethyl 4-(5-{4-[(R)-oc-C 


.(S),5(R)-4-ben2yl-2,5-dimethyl-l-piperazinyl>3- 



hydroxybenzyl]phenyl } - 1 -tetrazolyl)butyrate. 
Example 16. Ethyl 4-(5-{4-[(R)-a-(2(S),5(R)-4-ben2yl-2,5-dimethyl-l- 

piperazmyl)-3- hydroxybenzyl]phenyl } -2-tetrazolyl)butyrate 
Example 17. Ethyl 5-(5-{4-[(R)-a-(2(S),5(R)-4-benzyl-2,5-dimethyl-l-piperazinyl>3 

hydroxybenzyl]phenyl } - 1 -tetrazolyl)valerate 
Example 18. Ethyl 5-(5-{4-[(R)-a-(2(S),5(R)-4-benzyl-2,5-dimethyl-l-piperaanyl)-3 

hydroxybenzyl]phenyl}-2-tetrazolyl)valerate 
Example 15 5h (300Mhz, CDCb): 7.60 (4H, m), 7.36-7.16 (6H, m), 6.80-6.70 (2H, 

m), 6.62 (1H, m), 5.28 (1H, s), 5.16 (IH, s), 4.52(2H, t), 4.06 (2H, q), 

3.96 (1H, d), 3.20 (lH,d), 2.80-2.56 (4H,m), 2.40 (2H,m), 2.24 (2H,m), 

2.00 (2H,m), 1.22(3H,t), 1.10 (6H,m). 
Example 16 5 H (300Mhz, CDClj): 8.02 (2H, d), 7.48 (2H, d), 7.36-7.10 (6H, m), 

6.78 (lH,d), 6.70 (1H, d), 6.64 (1H, s), 5.40 (1H, br s), 5.10 (1H, s), 
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4.72 (2H, m), 4.16 (2H,m), 3.96 (1H, d), 3.20 (IH, d), 2.80-2.56 (4H, 
m), 2.40 (4H, m), 2.02 (2H, m), 1.24 (3H, t), 1.10 (3H, d), 1.08 (3H, d). 
Example 17 6 H (300Mhz, CDClj): 8.02 (2H, d), 7.56 (2H, d), 7.36-7. 16 (6H, m), 
6.80 (1H, d), 6.70 (2H, m), 5. 18 (1H, br s), 5.18 (1H, s), 5. 10 (1H, s), 
4.64 (2H, t), 4.16 (2H, q), 3.92 (1H, d), 3.20 (1H, d), 2.78-2.54 (4H, m), 
2.38 (2H, t), 2.18-1.98 (4H, m), 1.72 (2H, m), 1.24 (3H, t), 1.08 (6H, 
m). 

Example 18 8 H (300Mhz, CDC1 3 ): 7.64 (2H, d), 7.58 (2H, d), 7.36-7.18 (6H, m), 

6.78/2H, to), 6.60 (1H, s), 5.20 (1H, s), 4.42 (2H, t), 4.10 (2H, t), 3.96 
(1H, d), 3.20 (1H, d), 2.80-2.56 (4H, m), 2.28 (2H, t), 2.00 (3H, m), 
1.60 (4H, m), 1.22 (3H, t), 1.10 (6H, m). 

EXAMPLE 19 

f.fVS-(4-ffRVo t -arS>.SrRV4-benzvl -2.5-dimethvl-l. P i P erarinv»V3. 
hvdroxvbenzvHphenvU-2-tetrazolvnacetic acid. 



N-N 




Aqueous sodium hydroxide (2N, 3ml) was added to a solution of the compound of 
Example 13 (I.15g) in methanol (30ml) and the mixture stirred at room temperature for 
18 hours. The reaction was quenched with 2N hydrochloric acid (3ml) and then 
evaporated to dryness in vacuo. The residue was purified by column chromatography 
over silica gel (80/20/3 dichloromethane/methanol/ammonium hydroxide) to afford the 
title compound, 977mg. 
m/z . 513 (MH+) 

Rf: 0.45 (80/20/3 dicMoromemane/methanol/ammonium hydroxide) 
[a] D +6.2° (c 0.1, methanol) 

Found: C, 65.37; H, 6.49; N, 16.61. CaHj^Oj.^mO. 1/3NH3 requires C, 65.68; H, 
6.53; N, 16.72% 

IS 



WO 98/52929 



PCT/EP98/02277 



EXAMPLES 20 to 24 
The following compounds of the general formula: 




or salts thereof were prepared by hydrolysis of the corresponding esters (see Examples 
14 to 18) by similar methods to that used in Example 19. 



| Ex 


Isomer 


n 


m/z 


Rr 

80/20/3 


[a] D 


Micro Analysis 


20 


N-l 


1 


573 


0.48 


-16° 


Found: C, 65.91; H, 6.41; N, 16.38. 
C29H32N6O3.3/4H2O requires C, 
66.21; H, 6.42; N, 15.97% | 


21 


N-l 


3 


541 


0,33 


-9° 


Found: C, 67.37; H, 6.73; N, 15.31. 
C31H36N6O3.I/2H1O requires C, 
67.74; H, 6.78; N, 15.29% 


22 


N-2 


3 


541 


0.32 


-13° 


Found: C, 67.42; H, 6.79; N, 15.45. 
C3iH36N«03. 1/2H 2 0 requires C, 
67.74; H, 6.78; N, 15.29% 


23 


N-l 


4 


555 


0.12 
EtOAc 


-23° 


Found: C, 67.08; H, 6.99; N, 15.15. 
C32H 3 gN 6 03.2/3H20 requires C, 
67.15; H, 7.10; N, 15.49% 


24 


N-2 


4 


555 


0.21 
EtOAc 


-0.8° 


Found: C, 68.27; H, 6.96; N, 15.09. 
C32H38N 4 0 3 .1/2H20 requires C, 
68.18; H, 6.97; N, 14.91% 



Example 20 (-)-(5-{4-[(R)-a-(2(S),5(R)^ben2yl-2 ) 5-dimethyl-l-piperazinyl)-3- 

hydroxybenzyl]phenyl} - 1 -tetrazolyl)acetic acid. 
Example 2 1 (-)-4-(5-{4-[(R)-a-(2(S) f 5(R)-4-b^ 

hydroxybenzyl]phenyl } - 1 -tetrazolyl)butyric acid. 

26 
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Example 22 (-W5-{4-[(R)kx-(2(S)^ 

hydroxybenzyl]phenyI}-2-tetra2olyl)butyric acid 
Example 23 (W5-{4-[(R)^2(S),5(R)^^ 

hydroxybenzyl]phenyl}-I-tetrazolyl)valeric acid. 
Example 24 U-5^5-{4-[(R)^-(2(S^ 

hydroxybenzyl]phenyl}-2-tetrazolyl)valeric acid. 

EXAMPLE 25 

hvdroxvbenzvnDhenvB-2-.tetrazolvnctho xYaceticadd 

N.-N 




Ph 

A solution of the first compound of Preparation 29 (1.40g) in ethanol (125ml) was 
cooled to 0°C and saturated with hydrogen chloride gas. After 30 minutes the solvent 
was evaporated to dryness in vacuo to afford a colourless oil. The intermediate imino 
ether was dissolved in water (50ml), cooled to 0°C and treated with water (50ml). The 
solution was allowed to warm up to room temperature overnight, after which time 
aqueous sodium hydroxide solution (5N, 7.5ml) was added and the resulting solution 
was allowed to stir at room temperature for 1 hour. The reaction mixture was cooled to 
0°C, acidified to pH2 and immediately re-basified to pH 9 with 880 ammonium 
hydroxide. The solvents were evaporated to dryness in vacuo, and the residue purified 
by column chromatography over silica gel (80/20/3 dichloromethane/methanol/ammonia) 
to give the title compound as a gum. The gum was triturated with diethyl ether and 
filtered to afford the product as a white solid, 1.06g. 
m/z: 557 (MH+) 

Rf: 0.36 (80/20/3 dichloromethane/methanol/ammonia) 

Found: C, 64.73; H, 6.69; N, 15.63. C 3 iH3«N 6 04.2/3H 2 0.1/3NH 3 requires C, 64.83; H, 
6.73; N, 15.44% 



WO 98/52929 PCT7EP98/02277 
[<x] D +2.5° (c 0. 12, methanol) 

EXAMPLE 26 
(5-(44aU^-(2fS\5fl0^benzvl-2^ 

hydroxvbenzvnphenvU-l-tetrazolvnethoYvacetic acid . 




A solution of the second compound of Preparation 29 (I37mg) in ethanol (10ml) was 
saturated with hydrogen chloride gas and stirred at ambient temperature for 1 hour. The 
solvent was evaporated in vacuo to afford a colourless foam which was dissolved in 
aqueous ethanol (50%, 10ml) and stirred at ambient temperature for 1 hour after which 
time sodium hydroxide (51mg) was added and stirring continued for 18 hours. The 
solution was acidified to pH 3.5 with concentrated hydrochloric acid and then basified 
with ammonium hydroxide solution. The solution was evaporated to dryness in vacuo. 
The residue which was purified by column chromatography over silica gel 
(dichloromethane/methanol/ammonium hydroxide; 80/20/3) to afford the title compound 
as a colourless foam, 68mg. 

5h (400MHz, d*-DMSO): 7.80 (2H, d), 7.58 (2H, d), 7.28 (4H, m), 7.20 (1H, m), 7.12 
(1H, t), 6.72 (1H, m), 6.65 (2H, m), 5.08 (1H, bs s), 4.60 (2H, m), 3.90 (2H, m), 3.80 
(1H, m), 3.64 (2H, s), 3.22 (1H, m), 2.70-2.50 (4H, m), 2.00 (1H, m), 1.90 (1H, m), 
1.04 (6H,m). 

Found: C, 64.36; H, 6.63; N, 15.77. C3iH 36 N 6 04.1/2Na.l/2NH3 requires C, 64.39; H, 
6.49; N, 15.75% 
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EXAMPLE 27 

3-rS-l4-fmV^- r2rS).5m)-^allvl-2.S-dim ft thvl-l.Dm e r a 9 : invl)-V 
hYdroxvbenzvllDhenvB-2-tetrazolvnnroDionic acid. 




II 

Sodium metal (28.5mg) was added to ethanol (6ml) and allowed to dissolve before the 
compound from Preparation 3 1 (643mg) was added and the reaction mixture brought to 
reflux. After 5 minutes methyl 3-bromopropionate (0. 135ml) was added and the reaction 
mixture was heated with stirring for 1 8 hours. The solvent was removed by evaporation 
in vacuo and the residue purified by column chromatography over sflica gel using 
gradient elution (99/1/0.25 to 80/20/3; dichloromethane/methanol/ammonium hydroxide) 
to afford the intermediate, 165mg. The intermediate (165mg) was dissolved in 
acetonitrile (10ml) and tetraethylammonium fluoride (39.5mg) added. The reaction 
mixture was stirred for 10 minutes at room temperature and then diluted with water and 
extracted with ethyl acetate (3X). The combined organic extracts were washed with 
saturated brine, dried (MgS04) and evaporated to dryness in vacuo. The residue was 
purified by column chromatography over silica (97. 5/2. 5/0.5; 

dichloromethane/methanol/ammonium hydroxide) to afford an intermediate compound as 
a 1 : 1 mixture of methyl and ethyl esters, 72mg. 

To a solution of the above intermediate (72mg) in methanol (1.8ml) was added 
methanolic potassium hydroxide solution (3M, 58jil) and water (0.9ml). The reaction 
mixture was stirred at room temperature for 18 hours and then quenched with dilute 
hydochloric acid to pH 5.5. The mixture was evaporated to dryness in vacuo and the 
residue purified by column chromatography, firstly, over silica gel (85/15/3; 
dichloromethane/methanol/ammonium hydroxide) and secondly over reverse phase resin 
using gradient elution (100/0 to 45/55; water/acetonitrile) to afford the title compound 
after freeze-drying, 40mg. 

2 ? 
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m/z: All (MH+) 

Found: C, 62.75; H, 6.93; N, 16.89. C26H 3 2N603.6/5H 2 0 requires C, 62.78; H, 6.96; N, 
16.87% 

Example 27 5 H (400Mhz, fc-DMSO): 9.30 (1H, br s), 7.90 (2H, d), 7.50 (2H, 

d), 7.06 (1H, t), 6.64 (3H, m), 5.75 (1H, m), 5.10 (1H, d), 5.06 
(1H, d), 4.96 (1H, s), 4.80 (2H, t), 3.10 (2H, m), 2.94 (2H, t), 
2.80 (1H, dd), 2.68 (1H, d), 2.50 (3H, m), 2.06 (1H, m), 1.82 
(1H, t), 1.06 (3H, d), 0.90 (3H, d). 



EXAMPLES 28 and 29 
Ethvl 5>fS>(3-rrRVa>f2(S^SfRV4-anvl-2,5-dimethvH-piDerazinvn-3-> 
hvdroxvbenzvnphenvU-2-tetrazoIvl)valerate. 
and 

Ethvl 5-f5-J3-rn *V^-f2(S1.5mi4-all^^ 

hvdroxvbenzvHphenvlM-tetrazolvl)valerate, 




A mixture of the compound of Preparation 33 (2.3g), potassium carbonate (1.8g) and 
ethyl 5-bromovalerate (928mg) in acetonitrile (60ml) was heated under a gentle reflux 
for 1 8 hours. The cooled reaction mixture was poured into water, extracted into ethyl 
acetate, dried (sodium sulphate) and evaporated to dryness in vacuo. The crude 
intermediate was dissolved in acetonitrile (15ml) and tetraethylammonium fluoride 
(328mg) added. After 20 minutes stirring at room temperature the reaction mixture was 
poured into water and extracted with ethyl acetate. The combined extracts were washed 
with water and brine and dried (sodium sulphate), and evaporated to dryness in vacuo. 



3o 
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The residue was purified by column chromatography over silica gel (99/1/0.5; diethyl 
ether/ethanol/ammonium hydroxide) to afford the N-2 isomer, 1550mg 
m/z: 533 (MH*) 

Rr: 0. 53 (97/3/1 ; diethyl ether/ethanol/ammonium hydroxide) 
and the N-l isomer, 225 mg. 
m/z: 533 (MH*) 

Rr 0. 39 (97/3/1 ; diethyl ether/ethanol/ammonium hydroxide) 

Example 28 6h (400Mhz, CDC1 3 ): 8. 16 (IH, s), 7.93 (1H, d), 7.53 (IH, d), 7.36 (IH, 
t), 7.12 (IH, t), 6.73 (1H, d), 6.63 (2H, m), 5.83 (IH, m), 5.72 (1H, br s), 
5.20-5.06 (3H, m), 4.63 (2H, t), 4.10 (2H, q), 3.33 (IH, dd), 2.85 (1H, 
dd), 2.80 (1H, dd), 2.68 (IH, m), 2.60 (IH, d), 2.56 (IH, m), 2.33 (2H, 
t), 2.16 (IH, dd), 2.06 (2H, m), 1.96 (IH, m), 1.70 (2H, m), 1.20 (3H, t), 
1.15 (3H,d), 0.98 (3H,d). 

Example 29 8 H (400Mhz, CDClj): 7.76 (IH, d), 7.58 (2H, m), 7.50 (IH, t), 7. 1 8 (IH, 
t), 6.73 (2H, m), 6.63 (IH, s), 6.38 (IH, br s), 5.86 (IH, m), 5.30-5.13 
(3H, m), 4.33 (2H, t), 4.13 (2H, q), 3.36 (IH, dd), 2.86 (2H, m), 2.70 
(lH,m), 2.60 (lH,m), 2.50 (IH, m), 2.28 (2H, t), 2.16 (IH, dd), 
1.98 (IH, dd), 1.90 (2H, m), 1.58 (2H, m), 1.26 (3H, t), 1.18 (3H, d), 
1.00 (3H, d). 

EXAMPLE 30 

f+VS-f5-Q-ffRVa-r2rSV5fRV4-anvl-2.5-dimethvl-l-piDerazinvlV3- 
hvdroxvbenzvll phenvU-2-tetrazolvnvaleric acid. 




Aqueous sodium hydroxide (2N, 2ml) was added to a solution of the compound of 
Example 28 (1.15g) in dioxane (4ml) and methanol (2ml) and the mixture stirred at room 

3/ 
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temperature for 90 minutes. The reaction was quenched with 2N hydrochloric acid 

(3ml) and then evaporated to dryness in vacuo. The residue was purified by column 

chromatography over polystyrene resin using gradient elution (water/acetonitrile; 100/0 

to 40/60) to afford the title compound after freeze-drying, 690mg. 

Rf: 0.20 (80/20/3; dichloromethane/methanol/ammonium hydroxide) 

m/z: 505 (MlT) 

[a] D +13.6 (c=0.1 1, methanol) 

Found: C, 64.83; H, 7.10; N, 16.21. CigH^Ch.T/lOHjO requires C, 65.02; H, 7.29; 
N, 16.25% 

EXAMPLE 31 

r+VS-fS-Q-fmV«-f2rS>.5mV4-allvl-2.S-dimethvl-l-piperazinvn-3- 
hvdroxvbenzvnphenvK-l-tetrazolYnvalericacid . 




Aqueous sodium hydroxide (2N, 1ml) was added to a solution of the compound of 
Example 29 (225mg) in dioxane (2ml) and methanol (1ml) and the mixture stirred at 
room temperature for 18 hours. The reaction was quenched with 2N hydrochloric acid 
(3ml) and then evaporated to dryness in vacuo. The residue was purified by column 
chromatography over polystyrene resin using gradient elution (water/acetonitrile; 100/0 
to 0/100) to afford the title compound after freeze-drying, 169mg. 
Rf: 0.21 (80/20/3; dichloromethane/methanol/ammonium hydroxide) 
m/z: 505 (MH*) 
[a] D +13.54 (c=0. 11, methanol) 

Example 3 1 5 H (400Mhz, oVDMSO): 1 1.2 (1H, br s), 7.76-7.48 (4H, m), 7.06 (1H, 
t), 6.70 (2H, m), 6.60 (1H, d), 5.76 (1H, m), 5.20-5.00 (3H, m), 4.40 
(2H, m), 3.30 (1H, br s), 3.16 (1H, m), 2.90-2.40 (5H, m), 2.16-1.98 
(3H, m), 1.90-1.68 (3H, m), 1.38 (2H, m), 1.06 (3H, d), 0.92 (3H, d). 
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EXAMPLES 32 anrf 33 

EthvlfS-t3-rniV-a-r2rS).5 m>-4-allvl-2AH8niethvl-l-nin g r a rfnvl>-3- 
hvdroryben2vllDhenvn.2-tetrazolvnafft>#fltP. 
and 

Ethvlf5-f3-rmV-a-f2^S^fRV 4-alIvl-2.S-dini e thvl-l-nin e r a Tinvl).3. 
hvdroxvbenzvllDhenvn-1 -tetrazoivnapi»tnti. 





A mixture of the compound of Preparation 33 (2.3g), potassium carbonate (1.8g) and 
ethyl bromoacetate (702mg) in acetonitrile (60mi) was heated under a gentle reflux for 3 
hours. The cooled reaction mixture was poured into water, extracted into ethyl aceMe, 
dried (sodium sulphate) and evaporated to dryness in vacuo. The residue was purifiert 
by column chromatography over silica gel (90/10/0.75; hexane/isopropanol/ammonium 
hydroxide) to afford two products with the order of elution N-2 isomer, 120Qrag 
m/z: 491 (MH+) 

Rr: 0.21 (95/5; dichloromethane/methanol) 
andtheN-1 isomer, 140mg 
m/z: 491 (MH+) 

Rr 0.23 (95/5; dichloromethane/methanol) 

Example 32 5h (300Mhz, oVDMSO): 9.30 (1H, s), 8. 10 (1H, s), 7.86 (1H, d), 7.S8 
(IH, d), 7.50 (IH, t), 7.14 (IH, t), 6.74-6.64 (3H, m), 5.86 (2H, s), 5.76 
(1H, m), 5.20-5.00 (3H, m), 4.20 (2H, q), 3.16 (IH, m), 2.85 (IH, dd), 
2.73 (IH, d), 2.56 (3H, m), 2.10 (IH, dd), 1.90 (IH, dd), 1.20 (3H. t), 
1.06 (3H,d), 0.96 (3H, d). 

Example 3 3 5h (300Mhz, CDCb): 7.70 (2H, m), 7.56 (IH, d), 7.48 (IH, t), 7. 1 8 (IH, 
t), 6.74 (2H, d), 6.60 (IH, s), 5.86 (IH, m), 5.70 (IH, br s), 5.30-5.10 
(5H, m), 4.18 (2H, q), 3.38 (IH, dd), 2.86 (2H m), 2.66 (IH, m), 2.54 
(2H, m), 2.16 (IH, t), 1.94 (IK, t), 1.18 (6H, m), 1.00 (3H d). 
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EXAMPLES 34 and 35 
r+VfS-/3>rOlWi-f2fS\SmV4-alivl-2^diroethvl-l-piperazinvlV3- 
hvdrorvbenzvl1phenvU-»2-tetra2olvl>acetic acid, 
and 

f5-(3-rfRVa^2fSV5fRV4-allvl-2.5-dimethvM-pipera2invlV3- 
hvdroxrbenzvnphenvlM-tetraolvnacetic acid. 
The following compounds of the formula: 




were prepared from the corresponding esters (see Examples 32 and 33) by similar 
methods to Example 3 1 
N-2 isomer: (Example 34) 
m/z\ 463 (MH+) 

Rr: 0.22 (80/20/3; dichloromethane/methanol/ammonium hydroxide) 

Found: C, 62.71; H, 6.65; N, 17.66. C25H3oN60 3 .9/10H 2 0 requires C, 62.72; H, 6.69; 

N, 17.55% 

[ct] D +19.8° (c=0.1 13, methanol) 
N-l isomer: (Example 35) 
m/z: 463 (MH+) 

Rr: 0.27 (80/20/3; dichloromethane/methanol/ammonium hydroxide) 

Found: C, 60.86; H,6.60; N, 17.02. C23H 3 oN 6 03.8/5H 2 0 requires C, 61.11; H. 6.81; N, 

17.10% 
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EXAMPLE 36 

f+VS-(5-^4-raty-a-f2rS).5fR)-4-allvl-2.S-dimethvl-l-Dinerazinvn-3- 
hvdroxvbenzvllDhenvlM-tetrazolvlWaleric acid 




To a solution of the compound of Example 53 (2.42g) in dichloromethane (50ml) was 
added boron tribromide (18ml of 1M solution in dichloromethane), and the resulting 
solution was stirred at room temperature for 3 hours. The mixture was evaporated to 
dryness in vacuo and the residue was basified with ethanolic ammonia and re-evaporated 
to dryness. A solution of the residue in ethanol (120ml) and dioxane (20ml) was added 
aqueous sodium hydroxide solution (2N, 26ml) was stirred at room temperature for 18 
hours. The solution was acidified to pH 3 with hydrochloric acid, and then immediately 
re-basified to pH 9 with 880 ammonia solution, and evaporate to dryness in vacuo. The 
residue was purified by column chromatography over silica gel (80/20/3; 
dichloromethane/methanol/ammonia) to afford the title compound which was further 
purified by chromatography over polystyrene resin (gradient elution; 100% water to 40% 
acetonitrile/water). The aqueous solution of the product was freeze dried to afford the 
title compound as a floculent white solid, 0.545g. 
m/z: 505 (MH+) 

Rf: 0.22 (80/20/3; dichloromethane/methanol/ammonia) 

Found: C, 64.48; H, 7.25; N, 16.14. C 28 H 36 N 6 0 3 .H 2 0 requires C, 64.35; H, 7.33; N, 

16.08% 

[a] D +21.8° 
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EXAMPLE 37 



54S-(4-rat)-a-f2rS>.SfRV4-allvl-2.S-dimethyH-DiDerazinvlV3- 
methorybenzvllphenvlM-tefrazolvlfraleric acid. 




N 



To a solution of the compound of Example 53 (350mg) in dioxane (20ml) and methanol 
(6ml) was added IN aqueous sodium hydroxide solution (3.2ml). The reaction mixture 
was stirred at ambient temperature for 3 hours, acidified to pH 2 with hydrochloric acid 
and immediately basified to pH 9 with 880 ammonia. Rotary evaporation followed by 
purification of the residue by column chromatography over reverse phase polystyrene 
resin using gradient elution (100% water to 100% acetonkrile) afforded the title 
compound as a colourless solid, 272mg. 
m/z : 519 (MHT) 

R f : 0.33 (80/20/3 dichloromethane/methanol/ammonia) 

Example 37 6 H (300Mhz, CDC1 3 ): 7.59 (4H, m), 7.22 (1H, m), 6.90 (2H, m), 6.69 
(1H, m), 5.87 (2H, m), 5.22 (3H, m), 4.48 (2H, t), 3.78 (3H, s), 3.40 
(1H, m), 2.89 (1H, m), 2.70 (3H, m), 2.20 (4H, m), 1.83 (2H, m), 1.58 
(2H,m), 1.08 (6H,m). 

EXAMPLE 38 

Methvl fS-(4-fnRVa-(2fS^5fRV4>allvl-2,S>dimctfivH-Dipera2invlV3- 
hvdroxvbenzvllphenvlM-tetrazoIvnacetate 



N-N 




N. « 



OH 



Me " N 
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Diethyl azidodicarboxylate (1.46g) was added to an ice-cold solution of the compound 
of Preparation 40 (3.96g), triphenylphosphine (2.26g) and trimethylsilyl aade (1.16g) in 
dry toluene (15ml). The reaction was stirred at 0°C for 1 hour, room temperature for 18 
hours, and 50°C for 5 days. The solvent was evaporated in vacuo and the residue 
purified by column chromatography over silica gel using gradient elution 
(dichloromethane to 95/5 dichloromethane/methanol) to afford the title compound, 
520mg. 

m/z: 477 (MH+) 

Rf: 0.25 (95/5/0.5 dichloromethane/methanol/ammonia) 

Example 38 6h (300Mhz, ds-DMSO): 9.30 (1H, br s), 7.72 (2H, d), 7.57 (2H, d), 
7.17 (1H, t), 6.72 (2H, m), 6.63 (1H, m), 5.90 (1H, m), 5.38-5.18 (5H, 
m), 3.82 (3H, s), 3.60 (1H, br s), 3.43 (1H, m), 2.90 (2H, m), 2.68 (1H, 
m), 2.57 (2H, m), 2.18 (1H, m), 1.98 (1H, m), 1.20 (3H, d), 1.03 (3H, d). 

EXAMPLE 39 

f+W5-(4-fm>-a-f2fS).5mV4-allvl-^5-dimethvl-l-piDerazinvi>-^. 
hydroxYbenzvllphenvU-l-tetrazolvnacetic acid. 



H0 2 C 




To a solution of the compound of Example 38 (515mg) in dioxane (8ml) and methanol 
(20ml) was added 5N aqueous sodium hydroxide solution (2.16ml). The reaction 
mixture was stirred at ambient temperature for 18 hours, acidified to pH 2 with 
hydrochloric acid and immediately basified to pH 10 with 880 ammonia. Rotary 
evaporation followed by purification of the residue by column chromatography over 
silica gel (80/20/3 dichloromethane/methanol/ammonia) and over reverse phase 
polystyrene resin using gradient elution (100% water/0% acetonitrile to 100% 
acetonitrile/0% water) afforded the title compound as a solid, 373mg. 



WO 98/52929 



PCT/EP98/02277 



m/z: 463 (MH+) 

Rf; 0.23 (80/20/3 dichloromethane/methanol/ammonia) 
[<x] D +17.6° (c 0.125, methanol) 

Found: C, 62.94; H, 6.67; N, 17.90. C^aMCM/SIfeO requires C,62.96; H, 6.68; N, 
17.62% 

EXAMPLES 40 and 41 
f+V5-Ethvl f5-l4-in^Va-r2fS\SfRV4-allvK2.5-dimethvl-l-piDerazinvlV3- 
hvdroyvbenzvllphenv»-2-tetrazotvl>valerate> 
and 

Ethvl S-r5-(44fR^f2fSV5mV4>allvl-2.5-dimethvl-l>DiperazinvlV3- 



hvdrorvbenzvllphenvlM-tetrazolvnvalerate. 




A mixture of the compound of Preparation 31 (2g), potassium carbonate (1.60g) and 
ethyl 5-bromovalerate (807mg) in acetonitrile (20ml) was heated under a gentle reflux 
for 18 hours. The cooled reaction mixture was poured into water, extracted into ethyl 
acetate, dried (sodium sulphate) and evaporated to dryness in vacuo. The crude 
intermediate was dissolved in acetonitrile (20ml) and tetraethylammonium fluoride 
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(865mg) added. After 20 minutes stirring at room temperature the reaction mixture was 
poured into water and extracted with ethyl acetate. The combined extracts were washed 
with water and brine and dried (sodium sulphate), and evaporated to dryness in vacuo. 
The residue was purified by column chromatography over silica gel (90/10/0.75; 
hexane/isopropanol/ammonium hydroxide) to afford the N-2 isomer, 1.60g 
m/z: 533 (MH+) 

Rf: 0.30 (85/15/1; hexane/isopropanol/ammonium hydroxide) 
andtheN-1 isomer, 150mg. 
m/z: 533 (MH+) 

Rf: 0.48 (93/7/1; dichloromethane/methanol/ammonium hydroxide) 

Example 40 [a] D = +18.7° (c=0.1 1, methanol) 

Found: C, 67.34; H, 7.71; N, 15.39. C 3 oH4oN s 0 3 requires C, 
67.64; 7.57; N, 15.78% 

Example 41 5 H (300Mhz, CDClj): 7.64 (2H, d), 7.58 (2H, d), 7.18 (1H, t), 

6.70 (2H, m), 6.62 (1H, s), 5.88 (1H, m), 5.30 (1H, s), 5.22 (1H, 
d), 4.96 (1H, d), 4.42 (2H,t), 4.10 (2H, q), 3.38 (1H, dd), 2.90 
(2H, m), 2.72 (1H, m), 2.56 (2H, m), 2.30 (2H, t), 2.18 (1H, t), 
1.98 (3H, m), 1.62 (2H, m), 1.22 (6H, m), 1.02 (3H, d). 

EXAMPLE 42 

r+VS-r5-(4-rrRVa-f2fS)^rRV4-aHvl-2.5-dimethvi-l-Dinerazinvn-3- 
hYdroxvbenzvllDhenvU-2-tetrazolvnvalericacid. 




A solution of the compound of Preparation 1 (40g), benzotriazole (30.9g) and the 
compound of Preparation 43 (78.4g) in toluene (780ml) was heated under reflux with 
azeotropic removal of water for 24 hours. The solution was cooled to -20°C for the 
dropwise addition of the 3-trimetrrylsUyloxyphem/lmagnesium bromide [704ml of a 
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solution prepared from 158.7g of the compound of Preparation 44 and magnesium 
turnings (17.3g) in tetrahydrofiiran (800ml] at such a rate as to maintain the internal 
temperature in the range -20 to -15°C. The resulting solution was stirred at -20°C for 5 
minutes and then wanned to room temperature overnight. The reaction was quenched 
with 10% aqueous ammonium chloride solution (2000ml). The organic phase was 
washed with water (1000ml), dried (MgSOd) and evaporated to dryness in vacuo to 
afford the ethyl ester of the title compound, 10 lg as a red oil which was identical to the 
compound of Example 40 
m/z: 533 (MKT) 

Rf: 0.30 (85/15/1 ; hexane/isopropanol/ammonium hydroxide) 
To a solution of the intermediate ester (14g) in tetrahydrofiiran (90ml) was added 
sodium hydroxide solution (86ml of a 2N solution) and the mixture stirred at room 
temperature for 18 hours. The layers were separated and the aqueous solution cooled in 
an ice-bath for the addition of 2N hydrochloric acid (86ml) over 20 minutes. The 
aqueous solution was extracted with ethyl acetate (2X75ml). The combined organic 
extracts were dried (Na2S04) and evaporated to dryness in vacuo, and the residue 
purified by column chromatography over silica gel (80/20/3 
dichloromethane/methanol/ammonia) to afford the title compound, 5.2g. 
m/z: 505 (MH+) 

Rn 0.28 (80/20/3 dichloromethane/methanol/ammonia) 
[<x] D +18.5° (c 0.124, methanol) 

Found: C, 64.85; H, 7.16; N, 16.28. C^NfiCM/SHaO requires C.64.79; H, 7.30; N, 
16.19% 

Example 42 6 H (400Mhz, cU-DMSO): 9.20 (1H, br s), 7.96 (2H, d), 7.53 (2H, d), 
7.12 (lH,t), 6.66 (3H, m), 5.77 (1H, m), 5.18 (1H, m), 5.13 (1H, d), 5.07 
(1H, s), 4.69 (2H, t), 3.36 (1H, br s), 3.15 (1H, dd), 2.84 (1H, dd), 2.73 
(1H, dd), 2.65-2.47 (3H, m), 2.15 (2H, t), 2.07 (1H, dd), 1.95 (2H, m), 
1.86 (1H, m), 1.46 (2H, m),1.07 (3H, d), 0.94 (3H, d). 
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EXAMPLE 43 

f+Vf5.|4-rmVa-f2rS^.SfRV4-allvl-2.5-diinethvl-l-DiDerazinvn-3- 
hvdroxvbenzvn phenvl}-2-tetra2olvr)ethoryacetic acid. 

N--N 



0 J N 




<COjH N r Me 
Me"' N 



A solution of the compound of Preparation 41 (3.46g) in ethanol (200ml) was cooled to 
0°C and saturated with hydrogen chloride gas. After 30 minutes the solvent was 
evaporated to dryness in vacuo to afford a colourless oil. The intermediate imino ether 
was dissolved in water (50ml), cooled to 0°C and treated with water (50ml). The 
solution was allowed to warm up to room temperature overnight, after which time 
aqueous sodium hydroxide solution (5N, 7.5ml) was added and the resulting solution 
was allowed to stir at room temperature for 1 hour. The reaction mixture was cooled to 
0°C, acidified to pH2 and immediately re-basified to pH 9 with 880 ammonium 
hydroxide. The solvents were evaporated to dryness in vacuo, and the residue purified 
by column chromatography over silica gel (80/20/3 dichloromethane/methanol/aramonia) 
to give the title compound as a gum. The gum was dissolved in water and freeze-dried 
to afford the desired product as a white solid, 3.30g. 
m/z: 506 (MH+) 
Mpt: 137-140° 

Rf: 0.18 (80/20/3 dichloromethane/methanol/ammpnia) 

Found: C, 62.15; H, 6.83; N, 16.23. C27H34N6O4.4/5H2O requires C, 62.24; H, 6.89; N, 
16.13% 

[ct] D +17.3° (c 0.11, methanol) 
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EXAMPLE 44 

(5.|4,[fl^^^2fS^5(RV2,5»dimethvl-l-piDerazinvlV3-hvdrorybenzvllDhenvU-2- 

tetrazolvDethoxvacetic acid. 




H 

Tris(triphenylphosphine)rhodium(I) chloride (lOOmg) was added to a solution of the 
compound of Example 43 (620mg) in acetonitrile (20ml) and water (5ml). The reaction 
mixture was heated under a gentle reflux and the solvent allowed to distil off slowly. 
Additional acetonitrile/water (100ml; 4:1 v/v) was added a such a rate as to maintain a 
steady distillation. After the addition of solvent was complete the distillation was 
continued until the volume was reduced to approximately 50ml. The cooled solution 
was poured into ethyl acetate and washed with saturated aqueous sodium bicarbonate 
solution and brine, dried (MgSO^) and evaporated in vacuo. The residue was purified by 
column chromatography over silica gel (80/20/3 dichloromethane/methand/ammonium 
hydroxide;) to afford the title compound, 123mg together with unreacted starting 
material, 460mg. 
m/z: 467 (MH+) 

Rf: 0.06 (80/20/3 dichloromethane/methanol/ammonia) 

Example 44 5h (400Mhz, d«-DMSO): 8.00 (2H, d), 7.52 (2H, d), 7.18 (1H, t), 6.80- 
6.60 (3H, m), 4.86 (2H, m), 4.02 (2H, m), 3.80 (2H, s), 3.50-3.00 (6H, 
br m), 2.66 (2H, m), 1.85 (2H, m), 1.17 (3H, d), 1.02 (3H, d). 
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EXAMPLE 45 and 46 
Ethvl f5^4>fmWx^2fS^fRV4-alIvl>2^-dimethvl-l-DiDerazinvlV^ 
methoxvbenzYllDhenvll-2-tetrazolvnacetflte. 
and 

Ethvi f5-l44fR)-a^2fSVSfRV4-anvN2.5-dimethYl>l-DiDerazinvn-3> 
methoxvbenzvllphenvlM^tetrazolvnacetate, 



OH N 
Me- 7 0 




A mixture of the compound of Example 52 (l.Og), potassium carbonate (990mg) and 
ethyl bromoacetate (265fil) in dry dichloromethane (30ml) was heated under a gentle 
reflux for 18 hours. The cooled reaction mixture was poured into water, extracted with 
dichloromethane, dried (sodium sulphate) and evaporated to dryness in vacuo. The 
residue was purified by column chromatography over silica gel (90/10/0.75; 
hexane/isopropanol/ammonium hydroxide) to afford the N-2 isomer (Example 45), 
620mg followed by the N-l isomer (Example 46), 518mg. 
Example 45: 
m/z\ 505 (MH+) 

Rf: 0.29 (90/10/0.75; hexane/isopropanol/ammonium hydroxide) 
Example 46: 
m/r. 505 (MH+) 
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Rf: 0.14(90/10/0.75; hexane/isopropanol/ammonium hydroxide) 

6h (300Mhz, CDCb): 8.07 (2H, d), 7.58 (2H, d), 7.23 (IH, m), 
6.8 (3H, m), 5.86 (IH, m), 5.43 (2H, s), 5.19 (3H, m), 4.30 (2H, 
q), 3.79 (3H, s), 3.38 (IH, dd), 2.84 (2H, m), 2.63 (2H, m), 2.51 
(IH, m), 2.14 (1H, m), 1.93 (1H, m), 1.30 (3H, t), 1.20 (3H, d), 
1.00 (3H, d). 

8 H (300Mhz, CDCb): 7.65 (4H, q), 7.27 (1H, m), 6.3 (3H, m), 
5.86 (1H, m), 5.30-5.10 (5H, m), 4.28 (2H, q), 3.80 (3H, s), 3.37 
(1H, dd), 2.90-2.40 (5H, m), 2.15 (1H, m), 1.93 (1H, in), 1.27 
(3H,t), 1.20 (3H,d), 1.00 (3H,d). 

EXAMPLE 47 

Ethvl f5-(4-rfRVa-(2fS'>.5fRV4-a»vl-2.S-dimethvl-l-DiDerazinvlV3- 
hvdroxvbenzvllphenvll-2-tetrazolvnacetate. 




V 

Boron tribromide (1M in dichloromethane, 2 .46ml) was added to a solution of the 
compound of Example 45 (620mg) and stirred at room temperature for 6 hours. The 
reaction mixture was evaporated to diyness in vacuo. The residue was purified by 
column chromatography over silica gel using gradient elution (95/5/0.5 to 80/20/3 
dichloromethane/methanol/ammonium hydroxide) to afford the title compound, 212mg. 
m/z: 491 (MH+) 

Rf: 0.50 (93/7/1 dichloromethane/methanol/ammonium hydroxide) 
Example 47 8 H (300Mhz, CDCI3): 8.07 (2H, d), 7.57 (2H, d), 7.17 (1H, t), 6.73 (3H, 
m), 5.88 (1H, m), 5.40 (2H, m), 5.20-5.10 (3H, m), 4.28 (2H, q), 3.36 
(1H, dd), 2.88 (1H, dd), 2.82 (IH, m), 2.78-2.44 (3H, m), 2.17 (IH, dd), 
1.98 (IH, dd), 1.50 (IH, br s), 1.30 (3H, t), 1.17 (3H, d), 1.00 (3H, d). 



Example 45 



Example 46 
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EXAMPLE 48 

f+V(S-!4-rm>-a-f2fS>.5fRV4-allvl-2.5-dimethYl-l-DiDerazinvlV3- 
hvdrorvbenzvnphenvU-2-tetrazolvOaceticacid. 

/ N ■ 
HO-i 

O - ^ ^ 0 H 

N^Me 

Me - N 




r 1 



To a solution of the compound of Example 47 (168mg) in dioxane (4ml) and methanol 
(6ml) was added 2N aqueous sodium hydroxide solution (0.86ml). The reaction mixture 
was stirred at ambient temperature for 18 hours, acidified to pH 2 with 2N hydrochloric 
acid and immediately basified to pH 10 with 880 ammonia. Rotary evaporation followed 
by purification of the residue by column chromatography over silica gel (80/20/3 
dichloromethane/methanol/ammonia) and over reverse phase polystyrene resin using 
gradient elution (100% water/0% acetonitrile to 100% acetonitrile/0% water) afforded 
the title compound as a solid after freeze-drying, 130mg. 
m/z: 462 (MH+) 

Rf: 0.21 (80/20/3 dichloromethane/methanol/ammonia) 
[cc] D +20° (c 0. 12, methanol) 

Found: C, 62.17; H, 6.60; N, 17.25. C25H30N6O3.H2O requires C,62.48; H, 6.71; N, 
17.49% 
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EXAMPLES 49 and SO 
feY-Ethvl 2-(5-{4-rfR.SVKX-(4-benr^ 

tetrazolvHacetate 
and 

fcVEthvl 2-f5-(4-frR.SVa-(4-benzvM"Pipera2invlV3-hvdroxvbcn2vl1-DhenvU-l- 

tctrazolvnacetate 




A solution of the compound of Preparation 4(b) (0.54g), ethyl bromoacetate (I67mg) 
and cesium carbonate (0.49g) in dimethylformanride (20ml) was stirred at room 
temperature for 18 hours. The reaction mixture was partitioned between saturated 
sodium chloride solution and ethyl acetate. The aqueous layer was separated and 
extracted with further ethyl acetate. The combined organic extracts were washed with 
water, saturated brine solution, dried (sodium sulphate) and evaporated to dryness in 
vacuo. The residue was dissolved in tetrahydrofiiran (20ml) and tetraethylammonium 
fluoride (400g) in water (2ml) added. The mixture was stirred at room temperature for 
12 hours then partitioned between ethyl acetate and water. The layers were separated 
and the organic phase was washed with water and saturated brine solution, dried 
(magnesium sulphate) and evaporated to dryness in vacuo. The residue was purified by 
column chromatography over silica gel using gradient elution (25-50% ethyl 
acetate/hexane) to afford in order of elution the N-2 isomer, 310mg, followed by the N-l 
isomer, 75rag,. 
N-2 Isomer: (Example 49): 
m/z: 513 (MET) 

5h (300MHz, ck-DMSO): 9.28 (1H, s), 7.94 (2H, d), 7.56 (2H, d), 7.32-7.14 (5H, 
m), 7.06 (1H, t), 6.80 (2H, m), 6.56 (1H, d), 5.82 (2H, s), 4.26 (1H, s), 4.20 (2H, q), 
3.46 (2H, s), 2.50-2.20 (8H, m), 1.20 (3H, t). 
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N-l Isomer: (Example 50): 
m/z: 513 (MH*) 

5 H (400MHz, d«-DMSO): 9.30 (IH, s), 7.68 (2H, d), 7.60 (2H, d), 7-40-7.20 (5H, 
m), 7.08 (IH, t), 6.84 (2H, m), 6.58 (Hi d), 5.60 (2H, s), 4.30 (1H, s), 4.06 (2H, q), 
3.48 (2H, s), 2.50-2.20 (8H, m), 1.04 (3H, t). 

EXAMPLE 51 

f±V2-C5-(4-rrR.SV-a-f4-benzvl-l-DiDera2inv]V3-hvdroxvbenzvll-Dhenvll-l- 

tetrazohvOacetic acid 



Aqueous sodium hydroxide (2N, 0.5ml) was added to a solution of the compound of 
Example 50 (70mg) in methanol (10ml) and the mixture stirred at room temperature for 
18 hours. The reaction was quenched with 2N hydrochloric acid (3ml) and then 
evaporated to dryness in vacuo. The residue was purified by column chromatography 
over silica gel (80/20/3 dichloromethane/methanol/ammonium hydroxide) to afford the 
title compound, 69mg. 
m/z: 485 (MH*) 



5 H (400MHz, ds-DMSO): 7.74 (2H d), 7.60 (2H d), 7.40-7.00 (6H, m), 6.84 (2H 
m), 6.60 (IH, m), 5.14 (2H s), 4.32 (IH, s), 3.70 (2H s), 3.18 (1H, s), 2.70-2.30 (8H 
m). 

Found: C, 60.38; H, 5.80; N, 16.51. C;nH28N 6 03.Na.3/2H20. 1/4NH 3 requires C, 60.33; 
H, 5.73; N, 16.29%. 




1} 
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EXAMPLE 52 
4-ffRVa-f2fS^5rRV4-allvl-2^-dimethvl-l-DiperazinvlV-3- 
methoxvbenzvHphenvltetrazole 

•N 




H 



N^Me 



.( r 

Me N 



A solution of the compound of Preparation 3 (3.26g), dibutyltin oxide (780mg) and 
trimethylsilyl azide (2.54g) in dry toluene was stirred at 70°C under nitrogen for 48hours, 
after which time the reaction was quenched by the addition of 2N hydrochloric acid. The 
pH of the solution was adjusted to pH 10 by the addition of 0.880 ammonia solution and 
pre-absorption silica gel added and the solvents evaporated in vacuo. The residue was 
purified by column chromatography over silica gel using gradient elution (85/15/2 to 
80/20/3 dichloromethane/methanol/ammonia) to afford the title compound as a brown 
gum, 3.28g. 
m/z: 420 (MH+) 

Rf: 0.3 1 (80/20/3 dichloromethane/methanol/ammonia) 

6 H (300mhz, CDCfe): 8.04 (2H, d), 7.43 (2H, d), 7.15 (1H, t), 6.93 (1H, bs), 6.74 (3H, 
m), 5.93 (1H, m), 5.32 (2H, n), 5.04 (1H, s), 3.68 (3H, s), 3.58 (1H, m), 3.28 (1H, m), 
3.09 (1H, m), 2.97 (2H, m), 2.80 (1H, m), 2.55 (1H, m), 2.30 (1H, m), 1.18 (6H, 2x d). 

EXAMPLE 53 

Ethvl 5-f5>(4-fnRVa-f2fS),5fRV4'allvl-2.5-dimethvH-piperazinvlV3> 
methoxvbenzvllphenvlM-tetrazolvnvalerate. 




C0 2 Et 
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Phosphorus pentachloride (1.53g) was added to a solution of the compound of 
Preparation 36 (2.95g) in dry toluene (75ml), and the resulting mixture was stirred at 
75 °C for 2 hours. The solution was cooled to ambient temperature and trimethyisilyl 
azide (1.1 7g) added. The reaction mixture was maintained at ambient temperature, with 
stirring, for 18 hours. The solution was diluted with ethyl acetate (150ml) and washed 
with saturated sodium hydrogen carbonate, and the organic extracts were evaporated to 
dryness in vacuo. The brown residue was purified by column chromatography over silica 
gel (98/2; dichloromethane/methanol) to afford the title compound, 2.43g. 
m/z: 547 (MH+) 

Rf: 0.39 (95/5; dichloromethane/methanol) 

5 H (300MHz, CDC1 3 ): 7.65 (2H, d), 7.58 (2H, d), 7.25 (1H, t), 6.80 (3H, q), 5.87 (1H, 
m), 5.18 (3H, m), 4.42 (2H, t), 4.12 (2H, q), 3.78 (3H, s), 3.35 (1H, dd), 2.85 (2H, m), 
2.60 (3H, m), 2.31 (2H, t), 2.15 (1H, m), 2.00 (3H, m), 1.68 (2H, m), 1.20 (6H, m), 
1.00 (3H,d). 

EXAMPLE 54 

4-S-frm)^-f2fS),SfRV4-allvl-2>5>dimethv»-l-DiDerazinvl)-3- 
methanesulphonvlbenzvllphenvlMH-tetrazole 




To a suspension of the anilinotetrazole of Preparation 48; (600 mg; 0.0015 mole) 
in tetrahydrofiiran was added triethylamine (161 mg; 0.0016 mole) to give a bright 
yellow solution. Trimethyisilyl chloride (178 mg; 0.0016 mole) was added and stirring 
continued for 1.5 hours. Triethylamine hydrochloride precipitated. Pyridine (468 ml; 
0.0060 mole) was added followed by methanesulfonyi chloride (344 mg; 0.0030 mole) 
and the reaction stirred at room temperature for 18 hours. Water (10 ml) was added and 

i 
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the reaction acidified to pH2 with concentrated hydrochloric acid; then basified with 
ammonium hydroxide solution (s.g = 0.880). The mixture was rotary evaporated to 
dryness and the residue re-absorbed onto silica. This was then flash chromatographed on 
silica; eluant 90/10/1.5 -*80/20/l C^Cfe/MeOH/NIiiOH to give 220 mg of the desired 
product. 

m/z : 483 (MHf) 

5h (400MHz, d«-DMSO):7.94 (2H, d), 7.46 (2H, d), 7.32 (1H, t), 7.20 (1H, s), 7.10 
(1H, d), 7.02 (1H, d), 5.80 (1H, m), 5.26 (1H, d), 5.20 (1H, d), 5.12 (1H, s), 3.36 (1H, 
dd), 3.18 (1H, s), 3,04 (1H, dd), 2.94 (3H, s), 2.88 (1H, d), 2.74 (1H, m), 2.68-2.56 
(2H, m), 2.32 (1H, dd), 1.88 (1H, dd), 1.12 (3H, d), 1.00 (3H, d). 

EXAMPLE 55 

(±VfrR.SVa-f4-allvM-DiDerazinvlV3-(hvdroxvbenzvnphenvltetrazole 




Tetraethylammonium fluoride (228mg) was added to a solution of the compound from 
Preparation 50 (500mg) in acetonitrile (10ml) and the reaction stirred at room 
temperature for 30 minutes. The reaction mixture was then evaporated to dryness in 
vacuo. The residue was purified by column chromatography over silica gel (80/20/3 
dichloromethane/methanol/axnmonium hydroxide). This material was further purified 
over a polystyrene reverse phase resin, using gradient elution (90/10-50/50 
water/acetonitrile). The acetonitrile was evaporated in vacuo and the remaining aqueous 
solution was frozen and lyophilised to afford the title compound as a white solid, 13 lmg. 
m/z: 377 (MIT) 

Rf : 0.24 (70/30/3 ethyl acetate/methanol/diethylamine) 

ft 
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6« (400MHz, DMSO-d«): 7.82 (2H, d), 7.49 (2H, d), 7.08 (1H, dd), 6.86 (2H, m), 6.58 
(1H, d), 5.60 (1H, m), 5.20 (2H, m), 4.26 (1H, s), 3. 10 (ZH, d), 2.58 (4H, m), 2.38 (4H, 
m). 



(±VEthvl-r5-(4-rm.SVa-f 4-anvM^ 



(±yEthvH5 -{4-rm,SVa-(^^^ 



Potassium carbonate (1.27g) and ethyl bromoacetate (344ftl) were added to a solution of 
the compound from Preparation 50 (1.5g) in acetonitrile (60ml), and the reaction stirred 
under reflux for 20 hours. On cooling, water was added and the reaction mixture was 
extracted with ethyl acetate (3x50ml), the combined organic extracts dried (Na 2 S0 4 ) and 
evaporated to dryness in vacuo. This material was recfissolved in acetonitrile (10ml), 
tetraethylammonium fluoride (694mg) added and the reaction stirred at room 
temperatmre for an hour. Water was added and the mixture extracted with ethyl acetate 
(2x20ml), the combined organic extracts dried (Na 2 SC>4) and evaporated to dryness in 
vacuo to give an orange foam. The residue was purified by column chromatography over 
silica gel using gradient elution (70/30-100/0 ethyl acetate/hexane) to afford the N2 
isomer, 270mg 
m/z: 463 (MET) 
Rf : 0.25 (ethyl acetate) 



EXAMPLES 56 and 57 



tetrazoivDacetate 
and 



tetrazolvtt) acetate 




,0 



57 
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5 H (300MHz, DMSO-d*): 9.30 (1H, s), 7.98 (2H, d), 7.58 (2H, d), 7.06 (1H, dd), 6.85 
(2H, m), 6.56 (1H, d), 5.84 (2H, s), 5.76 (1H, m), 5.10 (2H, m), 4.25 (1H, s),4.19 (2H, 
q), 2.92 (2H, d), 2.34 (8H, m), 1. 18 (3H, t). 
and the Nl isomer, 35mg. 
Rr: 0.13 (ethyl acetate) 

EXAMPLE 58 
(±VEthvl 4-f5-J4-rm,SV<x-(4-allvH-pipe^^ 

tetrazolvObutvrate 



Tetraethylammonium fluoride (67mg) was added to a solution of the first compound in 
the drawings of Preparation 51 (200mg) in acetonitrile (4ml) and the reaction stirred at 
room temperature for 30 minutes. Water was added and the mixture extracted with ethyl 
acetate (3x1 0ml). The combined organic extracts were dried (Na2S04), and evaporated 
to dryness in vacuo. The residue was purified by column chromatography over silica gel 
using gradient elution (85/15/1.5-80/20/1.5 hexane/isopropanol/ammonium hydroxide) 
to afford the title compound, 130mg. 
m/z: 491 (MIT) 

Rf : 0.24 (80/20/1.5 hexane/isopropanol/ammonium hydroxide) 



S H (300MHz, CDC1 3 ): 7.60 (4H, s), 7.14 (1H, dd), 6.96 (1H, d), 6.88 (1H, s), 6.67 (1H, 
d), 5.86 (1H, m), 5.16 (2H, m), 4.48 (2H, t), 4.26 (1H, s), 4.02 (2H, q), 3.02 (2H, d), 
2.49 (8H, m), 2.38 (2H, t), 2.24 (2H, m), 1.20 (3H, t). 




SI 
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EXAMPLE 59 

fcVEthvl 4-(5-/4-rm.S)-a-(4-anvl-l-DiDera2invl>-3-hvdroxvbenzvIlDhenvn-2- 

tetrazojvnbntvrate 



Preparation 51, following a similar procedure to that described in Example 58, and was 
obtained in 69% yield. 
m/z: 491 (MH*) 

Rf : 0.38 (80/20/1.5 hexane/isopropanol/ammonium hydroxide) 

5„ (300MHz, DMSO-d«): 9.29 (1H, s), 7.96 (2H, d), 7.55 (2H, d), 7.05 (1H, dd), 6.82 
(2H, m), 6.54 (1H, d), 5.78 (1H, m), 5.10 (2H, m), 4.74 (2H, t), 4.22 (1H, s), 4.00 (2H, 
q), 2.90 (2H, d), 2.35 (10H, m), 2.18 (2H, m), 1.14 (3H, t). 

EXAMPLE 60 

r±Vf5-(4-fR.S)-a-(4-allvl-l-Diperazinvn-3-hYdroxvbenzvllphenv»-2- 
tetrazolvnacetic acid 




The title compound was prepared using the second compound in the drawings of 




S3 
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2N aqueous sodium hydroxide solution (1ml) was added to a solution of the compound 
of Example 57 (250mg) in methanol (2ml) and dioxan (4ml), and the reaction stirred at 
room temperature for an hour. The pH of the reaction was adjusted to 5 using 2N 
aqueous hydrochloric acid and the mixture evaporated to dryness in vacuo. The residue 
was purified by column chromatography over silica gel (70/30/3 ethyl 
acetate/methanol/ammonium hydroxide), and this material was further purified over a 
polystyrene reverse phase resin using gradient elution (80/20-50/50 water/acetonitrile). 
The acetonitrile was evaporated in vacuo and the remaining aqueous solution was frozen 
and lyophilised to afford the title compound as a white solid, 190mg. 
m/z: 435 (NffT) 

Rf : 0.2 (80/20/3 dichloromethane/methanol/ammonium hydroxide) 
5 H (300MHz, DMSO-d*): 9.40 (1H, br.s), 7.99 (2H, d), 7.57 (2H, d), 7.08 (1H, dd), 
6.84 (2H, ra), 6.58 (1H, d), 5.83 (1H, m), 5.47 (2H, s), 5.26 (2H, m), 4.30 (1H, s), 3.28 
(2H, d), 2.74 (4H, m), 2.40 (4H, m). 

EXAMPLES 61 to 63 
The following compounds of the general formula: 




were prepared by hydrolysis of the corresponding esters, Examples 56, 58 and 59, by 
similar methods to that used in Example 60. 
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Ex 



61 



Isomer 



m/z 



435 



R,(a) 



0.26 



'Hnmr/Analytical data 



5 H (300MHz, DMSO-d6>: 9.40 (IH, br.s), 7.74 
(2H, d), 7.59 (2H, d), 7.08 (1H, dd), 6.84 (2H, 
m), 6.59 (1H, d) 5.80 (1H, m), 5.24 (2H, m), 
5.08 (2H, s), 4.30 (1H, s), 3.22 (2H, d), 2.68 
(4H,m),2.36(4H,m). 



62 



- 3 



463 



0.18 



5h (300MHz, DMSO-d 6 ): 7.72 (2H, d), 7.60 
(2H, d), 7.07 (1H, dd), 6.84 (2H, m), 6.57 
(1H, d), 5.76 (1H m), 5.10 (2H, m), 4.45 (2H, 
t), 4.29 (1H, s), 3.28 (1H, br.s), 2.92 (2H, d), 
2.36 (8H, m), 2.25 (2H, t), 2.01 (2H, m). 
Found: C, 61.26; H, 6.31; N, 16.64. 
C 2 5H 3 oN 6 03.16/10H 2 0 requires C, 61.11; H, 
6.81; N, 17.10% 



63 



463 



0.24 



6h (400MHz, DMSO-d«): 9.32 (1H, br.s), 7.98 
(2H, d), 7.58 (2H, d), 7.07 (1H, dd), 6.84 (2H, 
m), 6.58 (1H, d), 5.78 (1H, m), 5.12 (2H, m), 
5.74 (2H, t), 4.24 (1H, s), 2.92 (2H, d), 2.34 
(10H,m),2.14(2H,m). 
Found: C, 62.83; H, 6.40; N, 17.63. 
C25H3oN 6 0 3 .3/4H20 requires C, 63.07; H, 
6.67; N, 17.65% 



(a): 80/20/3 dichloromethane/methanol/ammonium hydroxide 



Example 61. (±)^5-{4-[(R,S)KiK4-allyl-l-piperazmyl>3-hydroxybenzyl]phenyl}-l- 
tetrazolyl)acetic acid. 

Example 62. (±W5-{4-[(R,S)^^4-allyl-l-piperazinyl)-3-hydroxybenzyl]phenyl}-l- 
tetrazolyl)butyric acid. 

Example 63. (±HK5-{4-[(R,S)KX^4-aUy!-l-piperazinyI)-3-hydroxybenzyl]phenyl}-2- 
tetrazolyl)butyric acid. 



IS 
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EXAMPLE 64 

fcVEthvl 5-(S-l4-frR.SVa~(4-a11vH-piperazinvlV3>inethorybenzvnDhenvl) 
- 1-tetrazolvnvalerate hydrochloride 



A solution of the compound from Preparation 57 (582mg) and phosphorus pentachloride 
(368mg) in dry toluene (30ml), was stirred at 70°C for 90 minutes. On cooling, 
trimethylsilyl azide (785*11) was added and the reaction stirred at room temperature for 
72 hours. Saturated aqueous sodium hydrogen carbonate solution was added and the 
mixture extracted with ethyl acetate (3x30ml). The combined organic extracts were 
washed with water and brine, then dried (Na 2 S0 4 ), and evaporated to dryness in vacuo, 
to give a brown gum. The residue was purified by column chromatography over silica gel 
(80/20/1.5 hexane/isopropanol/ammonium hydroxide), to afford the title compound, 



218mg. 

m/r. 519 (MHT) 

5h (300MHz, CDCb): 8.17 (2H, d), 7.78 (2H, d), 7.59 (1H, s), 7.37 (2H, m), 6.92 (1H, 
d), 6.12 (1H, m), 5.60 (2H, m), 5.08 (1H, s), 4.40 (2H, t), 4.22 (2H, m), 4.08 (2H, q), 
3.94 (2H, m), 3.86 (3H, s), 3.68 (2H, d), 3.52 (4H, m), 2.30 (2H, t), 1.99 (2H, m), 1.64 
(2H,m), 1.22 (3H,t). 




si 
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EXAMPLE <S 

f±V5-fS-(4-rfR.SVa-(4-allYl-l-DiDera2i nYlV3-hvdinTvbenzvnphenv»-l- 

tetrazolvnvaleric acid. 




A solution of boron tribromide in dichloromethane (10.5ml, 1M) was added dropwise to 
a solution of the compound of Example 64 (2.73g), in dichloromethane (25ml) and the 
reaction stirred under a nitrogen atmosphere at room temperature for 6 hours. Aqueous 
saturated sodium hydrogen carbonate solution was added and the mixture extracted with 
dichloromethane (3x50ml). The combined organic extracts were washed with water and 
brine, dried (Na 2 S0 4 ) and evaporated to dryness in vacuo, to give a brown foam. 
A solution of this material in dioxan (10ml), methanol (5ml) and 2N aqueous sodium 
hydroxide solution (3ml) was stirred at room temperature for 20 hours. The mixture was 
acidified using 2N hydrochloric acid, then basified using ammonium hydroxide solution, 
and the mixture evaporated to dryness in vacuo. The residue was purified by column 
chromatography over silica gel (80/20/3 dichloromethane/methanol/ammonium 
hydroxide) and was further purified over a polystyrene reverse phase resin using 
gradient elution (100/0-0/100 water/acetonhrile). The acetonitrile was evaporated in 
vacuo and the remaining aqueous solution was frozen and lyophilised to afford the tide 
compound as a white solid, 238mg. 
m/z: 477 (MH*) 

8 H (300MHz, DMSO-d«): 10.50 (1H, br.s), 7.70 (2H, d), 7.61 (2H, d), 7.08 (1H, dd), 
6.84 (2H, m), 6.57 (1H, d), 5.79 (1H, m), 5.12 (2H, m), 4.44 (2H, t), 4.33 (1H, s), 3.20 
(1H, br.s), 2.94 (2H, d), 2.40 (4H, m), 2.34 (4H, m), 2.15 (2H, t), 1.82 (2H, m), 1.44 
(2H,m). 



S) 
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Found: C, 63.60; H, 6.33; N, 17.05. CaJfeNsCM/SHjO requires C, 63.60; H, 6.90, N, 
17.12% 

EXAMPLE 66 

f±)-Ethv!2-<5-(4-fnt.S^-a-f4-aDvl-l-piperazinvlV3-fhvdroxYben2vnphenvll-2- 

tetrazorvinethorvacetate 




An ice-cooled solution of the compound of Preparation 59 (1.6g) in ethanol (50ml) was 
saturated with hydrogen chloride gas and stirred for 45 minutes. The reaction mixture 
was evaporated to dryness in vacuo, to give a white solid. A solution of this material in 
ethanol (5ml), was cooled to 0°C, and water (5ml) added. The resulting solution was 
stirred at 0°C for 90 minutes, ammonium hydroxide solution added and the mixture 
extracted with dichloromethane (2x25ml). The combined organic extracts were dried 
(Na2S04) and evaporated to dryness in vacuo, to give a white foam. The residue was 
purified by column chromatography over silica gel (95/5/0.5 
dichlorometahne/methanol/ammonium hydroxide) to afford the title compound, 1.24g. 
m/z: 507 (MH*) 

Rf : 0.59 (90/10/1 diethyl ether/ethanol/ammonium hydroxide) 

5h (400MHz, CDCIj): 8.07 (2H, d), 7.54 (2H, d), 7. 15 (1H, dd), 6.98 (1H, d), 6.90 (1H, 
s), 6.66 (1H, d), 6.14 (1H, br.s), 5.88 (1H, m), 5.18 (2H, m), 4.87 (2H, t), 4.19 (5H, m), 
4.08 (2H, s), 3.04 (2H, d), 2.52 (8H, m), 1.26 (3H, t). 

Found: C, 63.38; H, 6.69; N, 16.46. C^NsC^. l/5H 2 0 requires C, 63.56; H, 6.80; N, 
16.47% 
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EXAMPLE 67 

f±)-2-f5-f4-rntS'>-a-^4 -anvI-l-DiDera2invl>-3-hvdroxvbeiiCTllpheavB-2. 

tetrazohrnethoxvacetic acid 




The title compound was prepared using the compound of Example 66, following a 
similar method to that described in Example 60, and was obtained as a white solid, in 
63% yield. 
m/z: 479 (MH*) 

Rr : 0.2 (80/20/3 dichloromethane/methanol/ammonium hydroxide) 
5h (400MHz, CDCfe): 9.29 (1H, br.s), 7.94 (2H, d), 7.54 (2H, d), 7.06 (1H, dd), 6.81 
(2H, m), 6.54 (1H, d), 5.75 (1H, m), 5.09 (2H, m), 4.86 (2H, t), 4.22 (1H, s), 4.00 (2H, 
t), 3.95 (2H, s), 3.54 (1H, s), 2.90 (2H, d), 2.34 (8H, m). 

Found: C, 59.42; H, 6.14; N, 16.31. 0^^04.3/2^0 requires C, 59.39; H, 6.58; N, 
16.62% 
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EXAMPLES 68 and 69 
(±VEthvI^(5-<4-ffR.Sy^-(4-bM 

tetrazolvnbntvrate 
and 

fclEthvl 4-(5-(4^fIlSW-frl-benzvl-l-Dipeiranv^^ 

tetrazolvObutvrate 




A suspension of the compound of Preparation 4b (1.62g), potassium carbonate (1.25g) 
and ethyl 4-bromobutyrate (430^1) in acetonitrile (25ml) was stirred under reflux for 18 
hours. On cooling, the reaction mixture was concentrated in vacuo and the residue 
partitioned between ethyl acetate and water. The phases were separated, the aqueous 
layer extracted with further ethyl acetate, and the combined organic extracts dried 
(MgS0 4 ) and evaporated to dryness in vacuo, to give a yellow gum. 
Tetraethylammonium fluoride (0.8g) was added to a solution of this material in 
tetrahydrofiiran (20ml) and the solution stirred at room temperature for 4 hours. The 
reaction mixture was concentrated in vacuo, and the residue partitioned between ethyl 
acetate and aqueous ammonium chloride solution. The phases were separated, the 
aqueous layer extracted with further ethyl acetate, and the combined organic extracts 
dried (MgS04), and evaporated to dryness in vacuo. The residue was purified by column 
chromatography over silica gel (50/50 ethyl acetate/hexane), to afford the N2 isomer, 
1.02g. 

m/z\ 542 (M2H*) 

Sh (400MHz, DMSO-d«): 9.29 (1H, s), 7.97 (2H, d), 7.55 (2H, d), 7.26 (5H, m), 7.06 
(1H, dd), 6.68 (2H, m), 6.57 (1H, d), 4.74 (2H, t), 4.28 (1H, s), 4.02 (2H, q), 3.46 (2H, 
s), 2.30-2.48 (8H, m), 2.19 (2H, m), 1.14 (3H, t). 

bo 
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followed by the Nl isomer, 0.1 4g. 
m/r. 542 (M2H*) 

5 H (400MHz, DMSO-ds): 9.30 (1H, s), 7.72 (2H, d), 7.62 (ZH, d), 7.26 (5H, m), 7.07 
(1H, dd), 6.84 (2H, m), 6.58 (1H, d), 4.48 (2H, t), 4.32 (1H, s), 3.92 (2H, q), 3.47 (2H, 
s), 2.22-2.44 (8H, in), 2.05 (2H, m), 1.08 (3H, t). 

EXAMPLE 70 and 71 

faVEthvl- 5^5-j4-fm.SW^4-benzvl-l-DiDerarinvlV3-hYdroxvheii2vllnhi.iivl}-l- 

tetrazotvnvalerate and 
f±VEthYl5-fS-f4-rm.SV«-r4-benz^l-l -DiDeraMnvlV3-hviiroTYhBnzvll- n h e ^ 

tetrazolvhvalerate 




EtO 




The tide compounds were prepared following the procedure described in Example 68 
and 69, using the compound of Preparation 4b, ethyl 5-bromovalerate, and were 
obtained in 10% and 56% yield respectively. 
Nl isomer, 
m/z: 555 (MH*) 

S H (400MHz, DMSO-ds): 9.32 (1H, s), 7.72 (2H, d), 7.61 (2H, d), 7.28 (5H, m), 7.08 
(1H, dd), 6.84 (2H, m), 6.58 (1H, d), 4.45 (2H t), 4.30 (1H, s), 3.97 (2H, q), 3.47 (2H, 
s), 2.31-2.46 (8H, m), 2.23 (2H, t), 1.81 (2H, m), 1.46 (2H, m), 1.12 (3H, t). 
and the N2 isomer. 
m/z: 555 (MH*) 



(,< 
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611 (400MHz, DMSO-dfi): 9.29 (1H, s), 7.97 (2H, d), 7.56 (2H, d), 7.27 (5H, m), 7.06 
(1H, dd), 6.83 (2H, m), 6.57 (1H, d), 4.70 (2H, t), 4.27 (1H, s), 4.03 (2H, q), 3.48 (2H, 
s), 2.26-2.48 (8H, m), 1.98 (2H, m), 1.52 (2H, m), 1.16 (3H, t). 

EXAMPLE 72 

feWS-(4-ffiR.S)-q-(4-benzvl-l-Dipera2invlV3-hYdro»vbenzvllDhenvll-2- 

tetrazolvDacetic acid 




2N aqueous sodium hydroxide solution (1.05ml) was added to a solution of the 
compound from Example 49 (540mg) in methanol (15ml), and the reaction stirred at 
room temperature for 2 hours. The reaction mixture was acidified to pH 6 using 2N 
hydrochloric acid and then evaporated to dryness in vacuo. The residue was purified by 
column chromatography over silica gel (80/20/3 dichloromethane/methanol/ammonium 
hydroxide) to afford the title compound as a colourless foam, 340mg. 
m/r. 485 (M*T) 

5h (300MHz, DMSO^): 7.97 (2H, d), 7.55 (2H, d), 7.30 (5H, m), 7.04 (1H, dd), 6.82 
(2H, m), 6.56 (1H, d), 5.36 (2H, s), 4.28 (1H, s), 3.62 (2H, s), 2.30-2.62 (8H, ra). 



lo2 
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EXAMPLES 73 to 76 
The following compounds of the general formula: 



■(Oyn N 
CT^OH 




were prepared by hydrolysis of the corresponding esters, by similar methods to that used 
in Example 72 



Ex 


Isomer 


n 


m/z 


'H-nmr 


73 


1 


i 3 


513 


Oh (,*»wMrlz, UMiO-ds). 7.74 (2H, d), 7.62 (2H, 
d), 7.26 (5H, m), 7.08 (1H, dd), 6.85 (2H, m), 6.58 
(1H, d), 4.48 (2H, t), 4.30 (1H, s), 3.48 (2H, s), 
2.50 (4H, m), 2.38 (6H, m\ 2.00 (2H, m). 


74 


2 


3 


513 


6h (400MHz, DMSO-ds): 7.98 (2H, d), 7.55 (2H, 
d), 7.27 (5H, m), 7.07 (1H, dd), 6.84 (2H, m), 6.58 
(1H, d), 4.73 (2H, t), 4.26 (1H, s), 3.45 (2H, s), 
2.37 (8H,m), 2.16 (4H, m). 


75 


1 


4 


527 


5h (300MHz, DMSO-ds): 7.70 (2H, d), 7.60 (2H, 
d), 7.26 (5H, m), 7.08 (1H, dd), 6.83 (2H, m), 6.57 
(1H, d), 4.43 (2H, t), 4.30 (1H, s), 3.45 (2H, s), 
2.38 (8H, m), 2.18 (2H, t), 1.81 (2H, m), 1.44 (2H, 
m). 


76 


2 


4 


527 


6h (300MHz, DMSO-d6): 7.84 (2H, d), 7.52 (2H, 
d), 7.23 (5H, m), 7.04 (1H, dd), 6.90 (2H, m), 6.54 
(IH, d), 4.68 (2H, t), 4.24 (1H, s), 3.43 (2H, s), 
2.36 (8H, m), 2. 17 (2H, t). 1.92 (2H, m), 1.46 (2H, 
m). 



6i 
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Example 73 . (±W 5-{4-[(R,S)^^ 

1- tetrazolyl)butyric acid 

Example 74 . (±W 5-{4-[(R,S)^^ 

2- tetrazolyl)butyric acid 

Example 75 . (±> 5<5-{4-[(R,S^^ 

1- tetrazolyl)valeric acid 

Example 76 . (±>M H^(R,S^4^1*^^ 1 ^^^ 1 ' ,h ^ t - 

2- tetrazolyl)valeric acid 

y.v AMPLE 77 
*»*i-«™tYl)ethoxv gcetic acid 




Hydrogen chloride gas was passed through a aolution * *» •« «»— to *• 
drawings of Preparation 60 (IdOmg) in ethano! (10m.) .d the reaction stirred a. room 

,0 give a colourfesa This material was dissolved in aqueous etbrnol 05ml), sodnun 
hydroxide (40mg) added, and the reaction stirred a, room .empemhtre for 72 k» The 
reaction nmdure «aa acidified ,„ pH 3.5 usmg 2M hydrochioric acid solution, rebastfied 
„*h ammonium hydroxide aoiution, and the mWure evaporated to dryness * -~ 
The residne was purified by cclumn chromatography over sthca gel (80/20/3 
dichioromethane/me^o.ammonitmr hydroxide) to afford the tifie compound es a 

colourless foam, 150mg. 

Rf. 0.37 (80/20/3 dicWoromethane/methanol/anmoiuumMroxide) 

6<z 
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6h (400MHz DMSO-d*): 7.80 (2H, d), 7.58 (2H, d), 7.26 (5H, m), 7.05 (1H, dd), 6.82 
(2H, m), 6.56 (1H, d), 4.56 (2H, t), 4.28 (1H, s), 3.86 (2H, t), 3.74 (2H, s), 3.46 (2H, s), 
2.20-2.45 (8H, m). 

EXAMPLE 78 

faV2-f5-l4-rnt.SVrt-f4-benzvl-l- DiperazinvlV3-hvdroTYhgn2vnDhi>nY>}-2- 

tetrazolvftethoxvacetic acid 



HO 




The title compound was prepared using the second compound in the drawings of 
Preparation 60, following the method described for Example 77, and was obtained as a 
colourless foam, (65%). 

Rf: 0.34 (80/20/3 ricUoromethane/methanol/ammonium hydroxide) 
Sh (400MHz, DMSO-d*): 7.97 (2H d), 7.55 (2H, d), 7.26 (5H, m), 7.05 (1H dd), 6.82 
(2H, m), 6.55 (1H d), 4.85 (2H t), 4.24 (IH, s), 4.00 (2H, t), 3.80 (2H, s), 3.45 (2H s), 
2.20-2.45 (8H, m). 



EXAMPLES 79 to 82 
The following compounds of the general formula: 



,N-N 




OMe 



^N^^Me 
EtOjC f J 

Me*'%r 



were prepared from the corresponding amides (Preparations 62 to 65) by similar 
methods to that described for Example 53. 
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Ex 


R 


m/z 
(MH*) 


nmr 


7Q 




549 


5« (400MHz. CDCU): 7.68 (2H, d), 7.60 (2H, d), 7.26 (1H, 
m), 6.90-6.72 (3H, m), 5.24 (1H, s), 4.42 (2H, m), 4.12 
(2H, m), 3.80 (3H, s), 2.88 (1H, d), 2.76-2.46 (4H, m), 
2.34 (2H, t), 2.20 (2H, m), 2.02 (2H, in), 1.94 (1H, m), 
1.76-1.40 (4H, m), 1.30-1.20 (6H, m), 1.00 (3H, d), 0.90 
(3Rt) 


80 




563 


5h (400MHz, CDCU): 7.66 (2R d), 7.60 (2R d), 7.24 (1R 
m), 6.88-6.72 (3R m), 5.24 (1H, s), 4.42 (2R m), 4.12 
(2R m), 3.80 (3H, s), 2.86 (1R d), 2.72-2.42 (4R m), 
2.38-1.88 (7R m), 1.68 (2H, m), 1.42 (2R m), 1.38-1.08 
(8H m\ 1 00 OR d) 0.92 (3R t). 


81 




561 


5 H (400MHz, DMSO-ds): 7.72 (2R d), 7.60 (2H, d), 7.28 
(1R m), 6.86 (3H, m), 5.18 (1R br s), 4.46 (2R t), 4.00 
(2R q), 3.74 (3H, s), 2.90 (1R d), 2.60 (3R m), 2.40-2.10 
(4R m), 1.80 (3R m), 1.40 (2R m), 1.20-1.10 (6R m), 
0.90 (3R d), 0.76 (1R m), 0.40 (2R m), 0.02 (2R m). 


82 


Me 


563 


5 H (400MHz, DMS0-d6): 7.72 (2R d), 7.62 (2H, d), 7.24 
(IR t), 6.98-6.80 (3R m), 5.02 (1H, br s), 4.44 (2R t), 
3.98 (2R q), 3.72 (3R s), 2.80 (1R d), 2.70-2.50 (4R m), 
2.38-1.40 (11R m), 1.20-1.06 (5R m), 0.96 (3R d), 0.82 
(3Rd),0.78(3Rd). 



Example 79: Ethyl 5-(5-{4-[(R)-a-(2(S),5(R)-4-propyl-2,5-dimethyl-l-piperazinyl)-3- 
methoxybenzyl]phenyl}-l-tetrazolyl)valerate. 

Example 80: Ethyl 5-(5-{4-[(R)-a-(2(S),5(R)-4^utyl-2 ) 5-dimethyl-l-piperazinyl>3- 
methoxybenzyl]phenyt}-l-tetrazolyl)valerate. 

Example 81 : Ethyl 5-(5-{4-[(R)-a-(2(S),5(R)-4-cyclopropylmethyl-2 ) 5-dimethyl-l- 
piperazmyl)-3-methoxybeiizyl]phenyl}-l-tetrazolyl)valerate. 

Example 82: Ethyl 5-(5-{4-[(R)-a-(2(S),5(R)-4-/so-butyl-2,5-dimethyl-l-piperazinyl)- 
3-methoxybenzyl]phenyl}-l-tetrazoryl)valerate. 

U 
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EXAMPLES 83 to 86 
The following compounds of the general formula: 




OH 



were prepared fron^ the corresponding esters (Examples 79 to 82) by similar methods to 
that described for Example 36. 



Ex 


R 


m/z 
(MfT) 


Data 


83 




507 


S« (400MHz, DMSO-d«): 7.72 (2H, d), 7.60 (2H, d), 7.12 
(1H, m), 6.80-6.60 (3H, m), 5.04 (1H, br s), 4.44 (2H, t), 
-J.JO (ZH, br s), 2.80 (1H, d), 2.70-2.40 (6H, m), 2.20-2.06 
(3H, m), 1.84 (2H, m), 1.46 (2H, m), 1.38 (2H, m), 1.10 
(3H, d), 0.94 (3H, d), 0.80 (3H, t). 
m/z: 507 (MH 4 ) 

Found: C, 64.10; H, 7.34; N, 16.06. OgHsgNeOaHjO 
requires C, 64. 10; H, 7.68; N, 1 6.02% 
[<x] D +18.9° (c=0. 13, methanol) 


84 




521 


5h (400MHz, DMSO-d«): 7.72 (2H, d), 7.60 (2H, d), 7.14 
(1H, t), 6.80-6.60 (3H, m), 5.02 (1H, s), 4.48 (2H, t), 3.30 
(2H, br s), 2.80 (1H, d), 2.70-2.40 (4H, m), 2.24-2.02 (4H, 
m), 1.86 (3H, m), 1.46 (2H, m), 1.36 (2H, m), 1.24 (2H, 
m), 1 .08 (3H, d), 0.96 (3H, t), 0.84 (3H, t). 
m/z: 521 (MH*) 

Found: C, 65.70; H, 7.90; N, 16.00. C»H«N«O3.0.5H 2 O 
requires C, 65.76; H, 7.80; N, 15.87% 
[a] D +14.5° (c=0.12, methanol) 


85 




519 


5h (400MHz, DMSO-d«): 7.72 (2H, d), 7.60 (2H, d), 7.14 
(1H, m), 6.76-6.60 (3H, m), 5.10 (1H, br s), 4.44 (2H, t), 
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Ex 


R 


mJz 
(MH*) 


Data 








m), 1.42 (2H, m), 1.12 (3H, d), 0.90 (3H, d), 0.76 (1H, m), 

0.40 (2H, m), 0.02 (2H, m). 

w/2:519(MH*) 

Found: C, 64.34; H, 7.10; N, 15.42. C»IfoN«Oj.l.25HaO 
requires C, 64.36; H, 7.54; N, 15.53% 


86 


Me 


521 


5h (400MHz, DMSO-d«): 7.70 (2H, d), 7.60 (2H, d), 7.10 
(1H, t), 6.80-6.60 (3H, ra), 4.96 (1H, br s), 4.44 (2H, t), 
3.30 (2H, br s), 2.80 (1H, d), 2.66 (1H, m), 2.58 (1H, m), 
2 30-2 10 C3YL m\ 2 02 (1H m\ 1 94-1 lf\ (AW i f,A 
(1H, m), 1.42 (3H, m), 1.10 (3H, d), 0.96 (3H, d), 0.94 
(3H, d), 0.82 (3H, d), 0.78 (3H, d). 
m/z: 521 (MH*) 

Found: C, 64.70; H, 7.46; N, 15.43. C29H4oN 6 O3.1.0H 2 O 
requires C, 64.66; H, 7.86; N, 15.60% 



Example 83 : (+)-5-(5-{4-[(R)^-(2(S),5(RH^ 
hydroxyben2yl]phenyl}-l-tetrazolyl)valeric acid. 

Example 84: (-f-)-5-(5-{4-[(R)-a-(2(S),5(R)-4-butyI-2,5-dimethyI- 1 -piperazinyl)-3- 
hydroxybenzyI]phenyl}-l-tetrazolyl)valeric acid. 

Example 85 : 5-(5- {4-[(R)-a-(2(S),5(RH-c^clopropylmethyl-2,5-dimethyl- 1 - 
piperazinyl)-3-hydroxybenzyl]phenyl}-l-tetrazolyl)valeric acid. 
Example 86: 5-(5-{4-[(R)^-(2(S),5(RM-tf^ 
hydroxybenzyljphenyl} - 1 -tetrazolyl)valeric acid. 
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EXAMPLE 87 



Tris(triphenylphosphine)rhodhim(I) chloride (200mg) was added to a solution of the 
compound of Example 42 (500mg) in acetonitrile (160ml) and water (40ml). The 
reaction mixture was heated under a gentle reflux and the solvent allowed to distil off 
slowly. Additional acetonitrile/water (200ml; 4:1 v/v) was added at such a rate as to 
maintain a steady distillation. After the addition of solvent was complete the distillation 
was continued until the volume was reduced to approximately 60ml. The cooled 
solution was poured into ethyl acetate and washed with saturated aqueous sodium 
bicarbonate solution and saturated brine. The solution was dried (magnesium sulphate), 
evaporated to dryness in vacuo and the residue was purified by column chromatography 
over silica gel (70/30/4 dichloromethane/methanol/ammonium hydroxide) to afford the 
title compound, 360mg. 
m/z: 465 (MH*) 

R f: 0.09 (80/20/3 dichloromethane/methanol/ammonium hydroxide) 

5 H (400MHz, DMSO-d*). 7.98 (2H, d), 7.50 (2H, d), 7.16 (IH, t), 6.74-6.50 (3H, m), 

5.26 (1H, s), 4.70 (2H, t), 3.30 (2H, br), 2.84 (1H, d), 2.60-2.18 (4H, m), 1.96 (1H, m), 

1.66-1.40 (3H, m), 1.10 (3H, d), 0.86 (3H, d). 

m/z: 465 (MIT) 

Found: C, 62.71; H, 7.14; N, 16.95. C^N^.l.OH^O requires C, 62.22; H, 7.10; N, 
17.41% 



tetrazolvlYvaleric acid. 
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EXAMPLE 88 



^V5-r5-l4-frRVKX-r2rS\5mV4-oropyl-2,5-dimethvl--l»piDera2invl)-3> 
hvdn)xvbenzyllDhenvH-2-tetrazolv0valeric acid. 




Me 

To a solution of the compound of Example 87 (350mg), propionaldehyde (102^1) and 



glacial acetic acid (53jjJ) in dry dimetbylformamide (20ml) was added, with stirring, 
sodium triacetoxyborohydride (486mg). The resulting mixture was stirred at room 
temperature for 18 hours after which time it was evaporated to dryness in vacuo. The 
residue was purified by column chromatography over silica gel (80/20/3 
dichloromethane/methanol) to afford the title compound as beige solid. The compound 
was further purified over reverse phase polystyrene resin (100% water to 100% 
acetonitrile in 10% increments) to afford, after freeze-drying, the title compound as a 
flocculant white powder, 273mg. 
m/z: 507 (MfT) 

Rf : 0.18 (80/20/3 dichloromethane/methanol/ammonium hydroxide) 

5h (400MHz, DMSO-d 6 ): 7.97 (2H, d), 7.56 (2H, d), 7.12 (1H, t), 6.74-6.50 (3H, m), 

4.95 (1H, s), 4.70 (2H, t), 2.77 (1H, d), 2.68-2.37 (4H, m), 2.21 (2H, t), 2.08 (2H, m) s 

1.90 (3H, m), 1.49 (2H, m), 1.35 (2H, m), 1.08 (3H, d), 0.90 (3H, d), 0.80 (3H, d). 

Found: C, 64.17; H, 7.63; N, 16.07. C 2 8H 3 8N 6 O3.1.0H 2 O requires C, 64,10; H, 7.68; N, 

16.02% 

[a] D +1 7.6° (c=0. 106, methanol) 



EXAMPLES 89 and 90 



Methvl rS-(4-rfRWi-(2fSV5fRV4-allvl-2,5-dimethvl-l-DiDerazinvlV3- 
hydrorvbenzvnDhenvl)-2-tetrazolvlV4-methvlben2oate. 

and 

Methvl rS-(4-rmV<x-(2fSV5fR)-4-allvl-2>5-dimethvl-l-piDerazinvlV3- 
hydrorvbenzvllphenvU-l-tetrazolvn-4-methvlbenzoate, 
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MeO,C 



and 




A solution of the compound of Preparation 31 (1.07g), potassium carbonate (855mg) 
and methyl 4-(bromomethyl)benzoate (544mg) in dry acetonitrile (15ml) was heated 
under reflux for 18 hours. To the cooled mixture was added tetraethylammonium 
fluoride (462mg) and the resulting mixture stirred for 30 minutes and the concentrated to 
a volume of 3ml in vacuo. The residue was partitioned between ethyl acetate and 2% 
aqueous sodium hydrogen carbonate solution, and the layers separated. The aqueous 
phase was extracted with further ethyl acetate and the confined organics dried 
(magnesium sulphate) and evaporated to dryness in vacuo. The residue was purified by 
column chromatography over silica gel using gradient elution (85/15/1 to 80/20/1.5 
pentane/isopropanol/ammonium hydroxide) to afford the N-2 isomer, 605mg 
Rf: 0.21 (85/15/1 pentane/isopropanol/ammonium hydroxide) 

5 H (300MHz, CDCb): 8.00 (2H, d), 7.57 (2H, d), 7.43 (1H, mX 6.80-6.60 (3H, m), 
5.98-5.80 (1H, m), 5.25-5.05 (3H, m), 4.95 (1H, s), 3.90 (3H, s), 3.43-3.33 (1H, m), 
3.00-2.43 (5H, m), 2.23-2.03 (1H, m), 2.02-1.93 (1H, m), 1.17 (3H, d), 1.00 (3H, d). 
followed by theN-1 isomer, 160mg. 
Rf : 0.10 (85/15/1 pentane/isopropanol/ammonium hydroxide) 

8 H (300MHz, CDC1 3 ): 7.98 (2H, d), 7.53 (2H, d), 7.43 (1H, m), 7.23-7.10 (3H, m), 6.73 
(2H, m), 6.57 (1H, s), 5.93-5.77 (1H, m), 5.25-5.05 (3H, m), 4.95 (1H, s), 3.90 (3H, s), 
3.43-3.33 (1H, m), 3.00-2.43 (5H, m), 2.23-2.03 (IH, m), 2.02-1.93 (1H, m), 1.17 (3H, 
d), 1.00 (3H,d). 
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EXAMPLE 91 

Methvl r5- M-ffRVa-f 2( SV5rRl2.5-dimethvl-l -piperazinvn-3- 
hvdroxvbenzvn phen vl^2-tetrazoMV4-methvlbenzoate. 

The compound of the following formula: 




Me0 2 C 

was prepared by a similar method to that described for Preparation 61 using the 

compound of Example 89. 

Rf: 0.08 (9/1; dichloromethane/methanol) 

5h (400MHz, CDC1 3 ): 8.00 (4H, m), 7.63 (1H, m), 7.55-7.35 (4H, m), 7.15 (1H, m), 
6.67-6.63 (2H, m), 6.60 (1H, s), 5.80 (2H, m), 5.25 (1H, m), 3.88 (3H, s), 2.90 (2H, m), 
2.63 (2H, m), 2.43 (1H, br s), 2.00 (1H, m), 1.65 (1H, m), 1.10 (3H, d), 0.90 (3H, d). 

EXAMPLE 92 

Mrthvl f5-<4-fmVr t -f2fSV5fRV2 .S-dimethvl-l-piDerazinvlV3- 
hvdrorvbenzvnphenvn-l-tetrazolvlV-4-niethvlbenzoate. 
The compound of the following formula: 

N 11 



MeOjC 



was prepared by a similar method to that described for Preparation 61 using the 

compound of Example 90. 

Rf: 0.05 (9/1; dichloromethane/methanol) 

8 H (400MHz, CDC1 3 ): 7.97 (2H m), 7.67 (2H, m), 7.57-7.38 (4H m), 7.15 (1H, m), 
6.78 (1H m), 6.65 (1H, m), 6.52 (1H br s), 5.65 (2H s), 5.28 (1H m), 3.90 (3H s), 
2.90 (2H, m), 2.67 (1H, m), 2.53 (1H m), 2.38 (1H br s), 1.97 (1H m), 1.62 (1H m), 
1.13 (3H, d), 0.93 (3H,d). 

7 t 
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EXAMPLE 93 

MethvlfS-f4.rn?^?,rS^.5mV4-he n Z yl-2.5-dinietliYl-l. P iner a 7:invl)-^- 
hvdrMvbenzvn D henvn-2 -tetraznlvn-4-methvlhftiiMnitA 
The compound of the following formula: 



was prepared by reductive alkylation of the compound of Example 91 with benzaldehyde 
using a method similar to that described for Preparation 8. 
Rf: 0.27 (96/4; dichloromethane/methanol) 

6„ (400MHz, CDCI 3 ): 8.07 (4H, m), 7.53 (2H, m), 7.43 (2H, m), 7.35-7.10 (6H, m), 
6.83-6.65 (3H, m), 5.83 (2H, s), 5.10 (1H, m), 4.83 (1H, br s), 3.90 (3H, s), 3.87 (1H, 
br d), 3.23 (1H, br d), 2.77-2.50 (4H, m), 2.08-1.93 (2H, m), 1.10 (6H, m). 

EXAMPLE 94 

i5-f4-fiRV-tt-t2tffl.5mV4-ben7vl- 2.S-d8methvl-l-Di Dera «invl>.^. 
hvdroxYbenzvllplienvn-2-te tr a zQlvl>-4.m>thvlbenzoip a^iH 

The compound of the following formula: 



was prepared by hydrolysis of the compound of Example 93 using a method similar 
that described for Example 1 9. 





Rf: 0.40 (76/20/4; dichloromethane/methanol/ammonium hydroxide) 
m/z: 589 (MKT) 
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5 H (400MHz, DMSO-d«): 8.00-7.85 (4H, m), 7.50 (2H, m), 7.38 (2H, m), 7.30-7.03 
(6H, m), 6.77-6.60 (3H, m), 6.02 (2H, s), 4.95 (1H, m), 3.75 (1H, br d), 3.27 (1H, br d), 
2.73-2.27 (4H, m), 2.03-1.87 (2H, m), 1.00 (6H, m). 

Found: C, 66.86; H, 6.06; N, 13.12. C 3 5HmN 6 0 3 .2.25H 2 O requires C, 66.80; H, 6.49; N, 
13.35% 

EXAMPLE 95 

Mothvl rS-<4-fmV«-^2rS^.SrRV 4-benzvl-2.5-dimethvl-l-DiDera2invn-3- 
hvrfrnrvhenzvllphenvU-l-tetrazolvlV4-inet hvlbenzoate. 

The compound of the following formula: 




was prepared by reductive alkylation of the compound of Example 92 with benzaldehyde 
using a method similar to that described for Preparation 8. 
Rf: 0. 1 5 (4/5; ethyl acetate/pentane) 

EXAMPLE 96 

(S-f4-ffRW-r2tSV5rRV4-henzvl-2.5-diinethvl-l-Dip erazinvlV3- 
hvdroxvbenCTnDhenvlM-tetrazolvn -4-methvlbenzoicacid. 
The compound of the following formula: 




was prepared by hydrolysis of the compound of Example 95 using a method similar to 
that described for Example 19. 
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m/z: 589 (MH*) 

8h (300MHz, DMSO-d*): 9.33 (1H, s), 7.93 (2H, m), 7.70-7.03 (12H, m), 6.65 (3H, m), 
5.85 (2H, s), 5.00 (1H, br m), 3.80 (IH, m), 3.20 (1H,), 2.17-1.80 (6H, m), 1.08 (6H, 
m). 

Found: C, 67.73; H, 6.23; N, 12.94. CasHasNsCb.^OHjO requires C, 67.28; H, 6.45; N, 
13.45% 

EXAMPLE 97 

Ethvl5-fS-f4-rfRVa-f2rSV4- benzvl-2-mi.thvl-l-Din e r aj; inyl)-^ 

hvdroxYbenzYllDhenT»-2-tetrazolvnvalerate. 
The compound of the following formula: 




was prepared using a method similar to that described for Example 42 using the 
compounds of Preparations 43, 44 and 66. 
Rf: 0.4 (1/1 ; ethyl acetate/pentane) 

8« (400MHz, CDCI3): 8.02 (2H, d), 7.55 (2H, d), 7.30-7.20 (5H, m), 7.12 (1H, m), 6.88 
(1H, m), 6.78 (1H, s), 6.63 (1H, m), 4.85 (1H, br s), 4.64 (2H, t), 4.12 (2H q), 3.47 
(2H, q), 2.87 (1H br sX 2.65-2.30 (8H, m), 2.06 (2H, m), 1.69 (2H, m), 1.24 (3H, t), 
1.11 (3H,d). 

EXAMPLE 98 

W-5-f5-^4-ffR Vq-(2rSV4-henzY»-2-inethvl-l-DiDerayJnvl)-V 
hydroxvbenzvfl phenvll-2-tetrazolvl ivaleric acid. 
The compound of the following formula: 



Hop 




a 1 
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was prepared by hydrolysis of the compound of Example 97 using a method similar to 
that described for Example 19. 

Rf: 0.25 (80/20/4; dichloromemane/methanol/anunonium hydroxide) 
m/i: 542 (MH*) 

5 H (400MHz, DMSO-d«): 7.94 (2H, d), 7.56 (2H, d), 7.35-7.15 (5H, m), 7.05 (1H, dd), 
6.80 (2H, m), 6.57 (1H, m), 4.64 (3H, m), 3.40 (2H, m), 2.84 (1H, m), 2.60-2.20 (6H, 
m), 1.91 (4H, m), 1.40 (2H, t), 1.02 (3H, d). 

Found: C, 63.09; H, 6.58; N, 14.14. CaiHscsNfiCb^JSHjO requires C, 63.03; H, 7.09; N, 
14.24% 

[a] D +3 1° (c=0. 1, methanol) 

EXAMPLE 99 

r-fV3-<5-rfRVa-f2rSt.SfRV4-allvl-2.S-dimethvl-l-piperazinvlV3-hvdroxvbenzvll- 

tetrazolvH benzene 
The compound of the following formula: 




was prepared by desilylation of the compound of Preparation 33 using a method similar 
to that described for Example 55. 

Rf: 0.23 (80/20/3; dichloromethane/methanol/ammonium hydroxide) 
m/z: 405 (MH*) 

6 H (400MHz, DMSO-d«): 9.35 (IH br s), 8.16 (1H, s), 7.82 (1H, m), 7.42 (1H m), 7.13 
(1H, t), 6.73 (2H, m), 6.66 (1H m), 5.82 (1H, m), 5.25 (2H m), 5.02 (1H br s), 3.38- 
3.13 (4H, m), 2.93 (1H m), 2.82 (1H, m), 2.68 (2H m), 2.39 (1H, m), 2.0 (1H, m), 
1.10 (3H, d), 1.04 (3Hd): 
[a] D +25.1° (o=0. 1 1, methanol) 
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EXAMPLE 100 

Preparation of the Benzathine Salt of com no and of Example 42 




N,N-Diben2ylethjdenediamine (1.1 9g, 4.96mmol), the compound of Example 42 (5g, 
9.91 mmol) and 5%v/v water in methyl ethyl ketone (12ml) were heated at reflux. The 
clear mixture was allowed to cool to room temperature, and stirred for 48 hours. The 
white crystalline suspension was filtered off and washed with cold solvent (3.1ml), and 
dried under vacuum at room temperature for 18 hours. Yield 3.46g (55%) of the salt as 
a white solid with a sharp melting point of 139°C. 

HPLC analysis shows there to be 19.7% N,N dibenzylethylenediamine and 80% 
compound of Example 42 to be present by total area analysis. Water is present at 0.3%. 
This gives a stoichiometric ratio of compound to base of 1 :0:5. 

Molecular Formula C36JH46.6N7.0O3.1 
C,H,N Theoretical %C, 69. 14; %HJ.45;%N, 15.55. 
Actual %C,68.90; %H,7.92; %N,15.56. 
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EXAMPLE 101-103 
The following compounds of the general formula: 



R— N 




JSL.Me 



y 



Ph 

were prepared by "a similar method to that described for Preparation 5 using the 
corresponding aldehydes (Preparations 67, 69, and 70) and the corresponding piperazine 
derivatives (either Preparation 26 or Preparation 66). 



Ex 


R 2 


R 4 ! 


Data 


101 


Me 




Rr: 0.42 (dichloromethane/methanol; 95:5) 
m/z: 603 (MH*) 

5h (300MHz, CDCl 3 ): 8.12 (1H, s), 8.03 (3H, m), 
7.57 (3H, m), 7.48 (IH, t), 7.22 (6H, m), 6.78 (IH, 
d), 6.68 (2H, m), 5.82 (2H, s), 5.08 (2H, br s), 3.90 
(4H, m), 3.20 (1H, d), 2.73 (1H, m), 2.60 (3H, m), 
2.02 (2H,m), 1.08 (6H,m). 


102 


H 




Rf-. 0.12 (ethyl acetate/pentane; 1:2) 
5h (300MHz, CDCIj): 8.02 (1H, s), 7.57 (2H, d), 
7.25 (5H, m), 7.15 (1H, t), 6.88 (1H, d), 6.80 (1H, 
s), 6.63 (1H, m), 4.93 (2H, t), 4.85 (1H, s), 3.47 
(2H, m), 3.10 (2H, t), 2.88 (IH, m), 2.65-2.30 (6H, 
m), 1.22 (3H,t), 1.12 (3H, d). 


103 


H 




Rr: 0.28 (ethyl acetate/pentane; 1:2) 
5h (300MHz, CDCI3): 8.02 (1H, s), 7.58 (2H, d), 
7.32-7.10 (6H, m), 6.90 (1H, d), 6.81 (1H, m), 6.63 
(1H, m), 4.85 (IH, s), 4.72 (2H, t), 3.68 (3H, s), 
3.56-3.40 (2H, m), 2.88 (IH, m), 2.65-2.30 (6H, 
m), 1.12 (3H,d). 
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Example 101: Methyl (5-{4-[(R)<t<2(S),5(R)^benzyl-2,5^imethyl-l-pipera2iiiyl).3- 

hydroxyfaen2yl]phenyl}-2-tetrazolyl>3-methyIbenzoate. 

Example 102: Ethyl 3-(5-{4-[(R)-a-<2(S)-4-benzyl-2-methyl.l-pipera2inyl)-3- 



Example 103: Methyl 4-(5-{4-[(R)-a-(2(S)-4-beiizyl-2-methyl-l-piperazinyl)-3- 
hydroxybenzyl]phenyl}-2-tetrazolyl)butanoate. 

EXAMPLE 104 

Methvl^5-(4-ffRVa-(2rSVSfRV4-benzvl-2.S.dimethvl-l-DinerazinYlV.3- 
hvdroxvbenzvnphenvU-l-tetrazolvn-3-methvlbenzoate. 

The compound of the following formula: 



was prepared using a similar method to that described for Preparation 5 using the 

compounds of Preparations 26, 44 and 68. 

Rr: 0.31 (dichloromethane/methanol/ammonium hydroxide; 95/5/0.5) 

m/z: 603 (MH*) 



hydroxybenzyl]phenyl}-2-tetrazolyl)propionate. 




.N-N 
N tf 



MeOjC 



EXAMPLE 105.107 



The following compounds of the general formula': 




Ph" 
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were prepared by hydrolysis of the corresponding esters using a method similar to that 
described for Example 1 9. 



Ex 


R 2 


R 4 


Data 


105 


Me 


•-XT* 


Rf: 0.22 (dichloromethane/methanol/ammonium 
hydroxide; 80/20/3) 
m/r. 589 (MH*) 

5h (300MHz, ds-DMSO): 8.00-7.84 (4H, m), 7.59-7.40 
(4H, m), 7.30-7.08 (6H, m), 6.70 (3H, m), 6.03 (3H, m), 
4.97 (1H, s), 3.75 (lh, d), 3.25 (1H, d), 2.60 (4H, m), 
1.97 (2H,m), 1.02 (6H,m). 

Found: C, 67.88; H, 5.89; N, 13.57. CHb^OjJ^O 
requires C, 68.27; H, 6.38; N, 13.65% 


106 


H 




Re: 0.05 (ethyl acetate/methanol/triethylamine; 

78.5/20/15) 

m/r. 513 (MH*) 

5h (300MHz, d»-DMSO): 9.29 (1H, s), 7.95 (2H, d), 
7.58 (2H, d), 7.32-7.19 (5H, m), 7.07 (1H, t), 6.88-6.79 
(2H m), 6.59 (1H, d), 4.88 (2H, t), 4.75 (1H, s), 3.55- 
3.21 (2H, m), 3.05 (2H, t), 2.88 (2H, t), 2.60-2.20 (6H, 
m), 1.03 (3H, t). 


107 


H 




Rr: 0.25 (dichloromethane/methanol/ammonium 
hydroxide; 80/20/4) 
m/r. 527 (MH*) 

6h (300MHz, d«-DMSO): 7.97 (2H, d), 7.58 (2H, d), 
7.25-7.18 (5H, m), 7.05 (1H, m), 6.83-6.78 (2H, m), 
6.58 (1H, d), 4.76-4.63 (2H, m), 3.52-3.20 (2H, m), 
2.87 (1H, m), 2.60-1 .98 (8H, m), 1 .03 (3H, d). 
Found: C, 64.15; H, 6.45; N, 14.92. CjoH34N 6 0 3 .2H 2 0 
requires C, 64.02; H, 6.81; N, 14.94% 



Example 105: (5-{4-[(R)-a-(2(S),5(R)-4-benzyl-2,5-diniethyl-l-piperazinyl>3- 
hydroxybenzyl]phenyl } -2-tetrazolyl)-4-methylbenzoic acid. 

80 
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Example 106: 3-(5-{4-[(R)^2(SH-benzyl-2-methyl-l-piperazinyl).3- 

hydroxybenzyl]phenyl}-2-tetrazolyl)propionicacid. 

Example 107: 4-(5-{4-[(R)-a-(2(SH-beii2yl-2-methyl-l-piperazinyI)-3- 

hydroxybenzyl]phenyl }-2-tetrazolyl)butanoic acid. 

EXAMPLE 108 

rS-(4-ffR>-a-(2rS).SfRV4-benzYl-2.5-dimethYi-l-nipeni2inviV3- 
hvdroxYbenrvllphenvU-l-tetrazolvn-3-methvlbenzoicacid. 
The compound of the following formula: 



was prepared using a similar method to that described for Example 19 using the 
compound of Example 104. 

Rr: 0.23 (dichloromethane/methanol/ammonium hydroxide; 95/5/0.5) 
m/z: 589 (MET) 

5h (300MHz, (k-DMSO): 7.83 (1H, d), 7.68 (3H, d), 7.55 (2H, d), 7.41 (1H, t), 7.35- 
7.09 (1H, m), 6.68 (3H, m), 5.88 (2H, s), 5.00 (1H, s), 3.77 (1H, d), 3.25 (1H, d), 2.60 
(4H, m), 2.00 (1H, m), 1.88 (1H, m), 1.03 (6H, m). 

Found: C, 69.21; H, 6.04; N, 13.84. C 3 jH 3 6N«03.H 2 0 requires C, 69.29; H, 6.31; N, 
13.85% 



The delta opioid agonist activity of a number of compounds were determined in mouse 
vas deferens (as described above) with the following results: 




Ph 



EXAMPLE 109 



Example 



pIC» 



I 



9.7 



4 



10.9 



42 



9.5 
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PREPARATIONS 

PREPARATION 1 
f-W2R.5Sll-alM-2.5-dimethvlpiperazine 




Trans-2,5-dimethylpiperazine (600g), slurried in toluene (1200ml), was heated to 85°C 
with stirring, at which temperature, the solid dissolved completely. The solution was 
allowed to cool to room temperature gradually, with stirring, allowing slow precipitation 
of the solid, then cooled to 10°C using an ice bath. The solid was filtered, washed with 
fresh, cold toluene (250mls), and dried under vacuum (50°C) overnight to yield a yellow 
crystalline solid (5 1 8.5g). 

Recrystaffised trans-2,5-dimethylpiperazine (259.5g) was slurried in cyclohexane (2.59 1) 
at room temperature. Sodium hydroxide solution (5M; 500ml) was added in one go with 
tetrabutylammonium chloride (4.3g) and the reaction mixture was stirred whilst the allyl 
bromide solution (302.4g) in cyclohexane (300ml) was added in a stream, over 
approximately 30 mins. The temperature of the reaction mixture rose slowly to 33°C 
over 30 mins, and was stirred for a further 1 hr. T.l.c analysis showed that the organic 
phase contained mostly mono-allylated product, with traces of bis-allylated impurity and 
starting material. The aqueous contained mostly starting material and some mono- 
allylated product. The two phases were separated and the aqueous was stirred with fresh 
cyclohexane (2.5L). Allyl bromide (82.5g) in cyclohexane (100ml), and sodium 
hydroxide solution (5M, 136ml) were added, and the mixture was stirred at room 
temperature for 1 hr. The phases were separated and the two cyclohexane phases were 
combined. The cyclohexane phase was backwashed with NaOH (1M, 200ml) to remove 
traces of starting material and this wash was added to the aqueous layer and kept on one 
side. The organic extracts (containing only mono- and bis- allylated material) were 
stirred with H 2 0 (1.5L), and the pH of the mixture adjusted to precisely 8.0 using c.HCl. 
TLC showed the aqueous contained mono with a feint trace of bis. Organic contained 
bis with a faint trace of mono. The layers were separated, and the pH of the aqueous 
adjusted to 13.5 using NaOH (10M), and extracted with CH 2 C1 2 (4xlL). The previously 
held-back aqueous washings were extracted with CH2CI2 (4xlL). The combined organic 

si 
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extracts were dried over MgS0 4 and stripped (50°C) to yield racemic l-ailyl-2,5- 
dimethylpiperazine as a yellow, mobile oil (278.9 g, 80%). [R, = 0.4, 
(CH 2 Cl 2 /MeOH/NH 3 ; 80:20: 1)] 

A solution of racemic l-aflyl-2,5-dimethylpiperazine (537. 7g) in acetone (1075 ml) was 
added in one portion to a stirred solution of (lR,3S)-(+)-camphoric acid in acetone 
(5.2L) at 40°C. Strining was continued at 40°C and a white precipitate began to form 
after approximately five minutes, which soon became very thick. The reaction mixture 
was stirred at gende reflux for a further 1 hr before being cooled to 10°C in an ice bath, 
and filtered. The precipitate was slurry-washed with fresh acetone (2L), then washed on 
the filter pad with more acetone (1L). The camphoric acid salt of (+)-(2S,5RH-allyl- 
2,5-dimethylpiperazine was dried under vacuum (60°C) overnight to yield a white solid 
(577g). 

The crude enriched (-)-(2R,5S)-l-allyl-2,5-dimethylpiperazine (185.5g) was redissolved 
in acetone (370ml) and added to a solution of di-p-tolyl-D-tartaric acid monohydrate 
(486.5g) in acetone (6.8L) at 40°C. The reaction mixture was gently refluxed for Ihr. 
The reaction mixture was cooled to 10°C in an ice bath, filtered, washed with fresh 
acetone (3x500mls), and dried under vacuum (60°C) overnight to afford the tartrate salt 
as a white solid (466.4g, mpt 191. VC). The di-p-tolyl-D-tartrate salt (466.4g) was fully 
dissolved in methanol (10L) at gentle reflux. The resulting pale yellow solution was 
distilled at atmospheric pressure to approximately half its original volume. The resulting 
clear solution was allowed to cool to room temperature and stirred for 72 hrs, during 
which time a thick white precipitate formed. The precipitate was filtered, washed with 
fresh methanol (2x500mls) and dried under vacuum (50°C) overnight to yield a white 
solid ( 382.1 g, mpt 194.3°C). 

A solution of sodium hydroxide (2M, 31) and dichloromethane (31) were stirred together 
at room temperature. The di-p-tolyl-D-tartrate salt from above (371. 4g) was added in 
one go, and the mixture stirred for 1 hr. The phases were separated and the aqueous 
washed with fresh CH 2 C1 2 (3xlL). The organic extracts were combined and evaporate in 
vacuo to afford the title compound W-(2R,5S)-l-allyl-2,5-dimethylpiperazine as a 
mobile yellow oil ( 104.3g,). 

Rf: 0.30 (93/7/1; dichloromethane/methanol/ammonium hydroxide) 
[a] D -54.8° (c=U9, Ethanol) 



(?3 
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PREPARATION 2 
mcthoxvphenvnmethvl1phenvl-4.4-diinethvl-4>S-dihvdro«1.3-oxazoIe 



Me 




A solution of the Compound of Preparation 1 (1.5g), benzotriazole (1.16g) and 4-[(4,4- 
dimethyl>l,3-oxazolin-2-yI]benzaldehyde (1.98g) (Preparation 45) in toluene (25ml) 
was heated under reflux with azeotropic removal of water for 3.5 hours. The solution 
was cooled to ambient temperature and added to a cold solution (-10 Q C) of 3- 
methoxyphenylmagnesium bromide (prepared from 3.64g of the corresponding bromide 
and 0.475g of magnesium turnings) in tetrahydrofuran (40ml) at such a rate as to 
maintain the internal temperature in the range -10 to 0°C. The resulting solution was 
stirred at 0°C for 15 minutes, ambient temperature for 30 minutes and then quenched 
with 2N hydrochloric acid solution. The layers were separated and the aqueous solution 
extracted with diethyl ether (2x). The combined organic extracts were discarded. The 
aqueous solution was basified to pH 9 and extracted with diethyl ether (3x). The 
combined extracts were washed successively with water, 2N sodium hydroxide, water 
and brine. The organic extracts were dried (Na 2 S0 4 ) and evaporated to dryness in 
vacuo. The residue was purified by column chromatography over silica gel using 
gradient elution (30% Et 2 0/CH 2 Cl2 + 1% MeOH) to afford the title compound. The aS- 
diastereomer was also isolated. 
m/z: 476 (MfT) 



04 
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PREPARATION 3 
4-ff/?Vl-ff2.y .5/?V4-allvl-2^-diinethvl-l-piDerazinvn-1-f3- 
methoxYDhenvnmethvHbenzonitrile 




9 

j- N j Me Ol, 
Me* N 



Phosphorus oxychlbride (4.04ml) was added dropwise to a stirred solution of the 
compound of Preparation 2 (4.93g) in dry pyridine (30ml). The dark brown solution was 
stirred at 85-95 °C for 18 hours, cooled in an ice-bath and quenched with excess 2N 
sodium hydroxide solution. Extraction with dichloromethane followed by drying 
(sodium sulphate) and evaporation in vacuo gave a brown semi-solid. The residue was 
purified by flash chromatography over silica gel (20% diethyl ether in dichloromethane) 
to afford the title compound, 3 .2 1 g. 
m/z. 376 (MH+) 

Rf: 0.42 (70/30/0. 1 dichloromethane/diethyl ether/methanol) 



(a) 



PREPARATION 4 
faV4-cvano-rrR.S>-q>r4-benzvl-l-DiDerazinvn-3>rgrf- 
butvldimethvlsilvloxvbenzvnhen^iiP. 



OTBS 

[TBS =t-butyldimethylsiiyl] 




A solution of (±)l-benzylpiperazine (8.8g), benzotriazole (5.95g) and 4- 
cyanobenzaldehyde (6.55g) in toluene (150ml) was heated under reflux with azeotropic 
removal of water for 30 minutes. The solution was cooled to ambient temperature and 
added to a cold solution (-25°C) of 3-tert-butyldimethylsilyloxyphenylmagnesium 
bromide (prepared from 28.7g of the corresponding bromide and 2.43g of magnesium 

8s 
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turnings) in tetrahydrofiiran (100ml) at such a rate as to maintain the internal 
temperature in the range -20° C. The resulting solution was stirred at 0°C for 15 
minutes, ambient temperature for 30 minutes and then quenched with saturated aqueous 
ammonium chloride solution. The layers were separated and the aqueous solution 
extracted with diethyl ether (2x 200ml). The combined organic extracts were dried 
(Na2S04) and evaporated to dryness in vacuo. The residue was purified by column 
chromatography over silica gel using gradient elution (5-20% ethyl acetate/hexane) to 
afford the title compound, 17.0g. 
m/z: 498 (MH*) 



5„ (400MHz, CDC1 3 ): 7.72 (2H, d), 7.56 (2H, d), 7.32-7.10 (6H, m), 6.95 (1H, d), 6.86 
(1H, s), 6.66 (1H, d), 4.40 (1H, s), 3.44 (2H, s), 2.46-2.20 (8H, m), 0.90 (9H, s), 0.14 
(6H, s). 



A solution of the first compound of part (a) (8.5g), dibutyltin oxide (1.05mg) and 
trimethylsilyl azide (4.3g) in dry toluene (50ml) were heated together under a gentle 
reflux for 5 hours. The reaction mixture was evaporated to dryness in vacuo and the 
residue purified by column chromatography over silica gel (80/20/3 
dichloromethane/methanol/ammonium hydroxide) to afford the title compound, 8.06 g. 
m/z: 541 (MH*) 



5h (400MHz, CDCU): 7.90 (2H, d), 7.48 (2H, d), 7.34-7.20 (5H, m), 7.14 (1H, t), 7.00 
(1H, d), 6.94 (1H, s), 6.68 (1H, d), 4.32 (1H, s), 3.56 (2H, s), 2.50-2.28 (8H, m), 0.90 
(9H, s), 0.16 (6H,s). 



(b) 



r±VffR.S>-a-(4-benzvl-l-DiDerazinvlV3-fterf- 

butvldimethvisilvnoxvbenzvllnhenvltetrazole 




OTBS 
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PREPARATION 5 
(+V4-cvano-fm)-a-(2(S).5(Rl4^^^ 

butvldimethylsiMoxvbenrvHbenzene. 




XT XA OTBS 
N Me 

Me % * N 

A solution of (^<2R,5S)-i.aUyl.2,5-dimetbyIpiperazine (21.6g), benzotriazole.(16.68g) 
and 4-cyanobenzaldehyde (18.35g) in toluene (800ml) was heated under reflux with 
azeotropic removal of water for 3 hours. The solution was cooled to airirient 
temperature and added to a cold solution (-10°C) of 3-tert- 
butyldimethylsilyloxyphenylmagnesium bromide (prepared from 79g of the 
corresponding bromide and 6.8g of magnesium turnings) in tetrahydrofiiran (500ni) at 
such a rate as to maintain the internal temperature in the range -10 to 0°C. The residing 
solution was stirred at 0°C for 15 minutes, ambient temperature for 30 minutes and then 
quenched with saturated aqueous ammonium chloride solution. The layers were 
separated and the aqueous solution extracted with diethyl ether (2x 200ml). The 
combined organic extracts were dried (Na 2 S0 4 ) and evaporated to dryness in vmmo. 
The residue was purified by column chromatography over silica gel using gradient 
elution (5-20% ethyl acetate/dichloromethane) to afford the title compound, 4-[(R)-a- 
(2(S),5(R)^aUyl.2,5-dimethyl-l-piperazinyl>3./err- 
butyldimethylsilyloxybenzyl]cyanobenzene, 32.9g. 
m/z: 476 (MH*) 

R f : 0.35 (90/10/2; hexane/ethyl aceute/diethylamine) 

Found: C, 72.26; H, 8.78; N, 8.09. CrffciNsOSiJ/lOEtOAc requires C, 72.23; H, 8.71; 
N, 8.37% 

[a] d +22.9° (c=0.112, methanol) 
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PREPARATION 6 



4-f^-l«ff25,5i?V4-allvl-2.5-dimethvl-l-DiDerazinvlM-(3- 
hYdrorvphenvOmethvnbenzonitrile 




OH 




A solution of the compound of Preparation 5 (4.75g) and tetraethylammonium fluoride 
(3.70g) in tetrahydrofuran (100ml) was stirred at room temperature for 4 hours. The 
mixture was partitioned between ethyl acetate and water, the layers separated, and the 



dried (MgS04) and evaporated to dryness in vacuo. The residue was purified by column 
chromatography over silica gel using gradient elution (hexane to ethyl acetate) to afford 
the title compound, 3.46g. 
m/z\ 362 (MH+) 

Rr: 0.21 (1/1 hexane/ethyl acetate) 



Tris(triphenylphosphine)rhodium(I) chloride (l.Og) was added to a solution of the 
compound of Preparation 6 (3.37g) in acetonitrile (80ml) and water (20ml). The 
reaction mixture was heated under a gentle reflux and the solvent allowed to distil off 
slowly. Additional acetonhrile/water (100ml; 4:1 v/v) was added a such a rate as to 
maintain a steady distillation. After the addition of solvent was complete the distillation 
was continued until the volume was reduced to approximately 50ml. The cooled 



aqueous layer was extracted with ethyl acetate. The combined organic extracts were 



PREPARATION 7 
44r/?Vl-f(2^5ffl-2,5>dimethvM-Dipera2invn-W3- 
hydroxvphenynmethvllbenzonitrile 




N 



H 



8d 
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solution evaporated to dryness in vacuo and the residue was purified by column 
chromatography over silica gel (80/20/3 dichloromethane/methanol/ammonium 
hydroxide;) to afford the title compound, 2.48g. 
m/z: 322 (MH+) 

R* 0.20 (93/7/1 dichloromethane/methanol/ammonia) 

PREPARATION 8 
44rJ?Vl-fr2.y.S/?V4-ethvl-2,S-diinethvl-l-Diperazinv11-l>( , 3- 
h vd rorvph en vflm ethvll benzon it rile 

N; 




To a solution of the compound of Preparation 7 (482mg) and acetaldehyde (132mg) in 
tetrahydrofiiran (10ml) containing glacial acetic acid (lOOmg) was added sodium 
triacetoxyborohydride (636mg). The mixture was stirred at room temperature for 1 hour 
and then poured into ethyl acetate and washed with saturated sodium hydrogen 
carbonate solution and saturated brine. The organic phase was dried (MgS04) and 
evaporated to dryness in vacuo. The residue was purified by column chromatography 
over silica gel using gradient elution (100% dichloromethane to 6% 
methanol/dichloromethane) to afford the title compound as a white foam, 295mg. 
m/z: 350 (MH+) 

Rf: 0.32 (93/7/1 dichloromethane/methanol/ammonia) 
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PREPARATIONS 9 to 13 
The following compounds of the general formula: 



N 




N Me 
Me N 



or salts thereof were prepared from the compound of Preparation 7 by reductive 
alkylation with the appropriate aldehyde by similar methods to that used in Preparation 8. 



Prep 


R 


Yield 


m/z 


In- 
solvent 


9 


Et 


460mg 


364 


0.35 (93/7/1) 


10 


Ph 


541mg 


412 


0.57 (93/7/1) 


11 


Thiazol- 
2-vl 


546mg 


419 


0.44 (93/7/1) 


12 


H 


407mg 


336 


0.30 (93/7/1) 


13 


CCfeH 


467mg 


380 


0.77(77/20/3) 



solvent system dichloromethane/methanol/ammonia 
Preparation 9 [(/?)- 1 -[(2S,5R)^-propy\-2,5-d\methy\- 1 -piperazinyi]- 1 -(3- 

hydroxyphenyl)methyl]benzonitrile 
Preparation 10 [(fl)-l-[(2£5/?M-ben2^^ 

hydroxyphenyl)methyI]benzonitrile 
Preparation 1 1 [(J?>]-[(2S,5/0-2>dimethyM 

1 -(3-hydroxyphenyl)methyl]benzonitrile 
Preparation 12 [(7?>l.[(2J,5/?)-2,4,5.trimethyl^-piperazm 

hydroxyphenyl)methyl]benzonitrile 
Preparation 13 (27?,55)^-[(/?Vl-(4-cyanophenyl)-1^3-hydroxyphenyl) 

dimethyl- 1-piperazinylacetic acid 



V 
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PREPARATION 14 
4^m-MriS.5/n-2.5-dim^ 

butvldiinfethvIsilvlorv^Dhenvnniethvnbenzonitrile 

N. 




^OTBS 
Me 

Me'* N 
H 

Tris(triphenylphosphine)rhodium(I) chloride (0.77g) was added to a solution of the 
compound of Preparation 5 (10g) in acetonitrile (80ml) and water (20ml). The reaction 
mixture was heated under a gentle reflux and the solvent allowed to distil off slowly. 
Additional acetonitrile/water (100ml; 4: 1 v/v) was added a such a rate as to maintain a 
steady distillation. After the addition of solvent was complete the distillation was 
continued until the volume was reduced to approximately 50ml. The cooled solution 
was partitioned between ethyl acetate and saturated aqueous sodium hydrogen carbonate 
solution. The layers were separated and the organic phase was dried (MgS04) and 
evaporated to dryness in vacuo. The residue was purified by column chromatography 
over silica gel (90/10/2 dichloromethane/methanol/ammonium hydroxide;) to afford the 
title compound, 8.60g. 
m/z: 436 (MH+) 

Rf: 0.31 (93/7/1 dichloromethane/methanol/ammonia) 

PREPARATION 15 
4-K/?M-f(2S.5flV4-acetvI-2.5-dim^ 

butvldimethvlsilvnorvphenvnmethvnbenzonitrile 

N. 



OTBS 




N v ^Me 



Me" N 
O^Me 

A solution of the compound of Preparation 14 (870mg), triethylamine (303mg) and 
acetic anhydride (224mg) in dichloromethane (15ml) was stirred at room temperature for 
2 hours. The reaction mixture was poured into water and extracted with 
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dichloromethane (3x 50ml). The combined extracts were dried (MgS04) and 

evaporated to dryness in vacuo. The residue was purified by column chromatography 

over silica gel (ethyl acetate) to give the title compound, 78 lmg. 

m/z: 478 (MH+) 

Rf: 0.43 (ethyl acetate) 



To a solution of the compound of Preparation 15 (775mg) in tetrahydrofuran (19ml) was 
added a solution of tetraethylammonhim fluoride (600mg) in water (1ml) and the 
resulting mixture was stirred at room temperature for 22 hours. The mixture was 
partitioned between ethyl acetate and water and the layers separated. The organic 
extracts were washed with water and saturated brine solution, dried (MgS04) and 
evaporated to dryness in vacuo. The residue was purified by column chromatography 
over silica gel (ethyl acetate) to afford the title compound, 616mg. 
m/z: 364 (MH+) 
Rf: 0.27 (ethyl acetate) 



PREPARATION 16 



4-ff/?Vl-ff2>y.5^V4-»acetvl-2,5-dimethvl-l-piperazinvl^l-(3- 
hydroxyphenvDmethvllbenzonitrile 




Me*" N 
O^Me 
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PREPARATION 17 

4-ff/^l-K2£5/n^cvc to^ 

butvldimethvlsiMoxv^phenvnmgthvnbenzonitrile 




To a solution of the compound of Preparation 14 (870mg) and cyclopropane 
carboxaldehyde (168mg) in tetrahydrofiiran (20ml) containing glacial acetic acid 
(132mg) was added sodium triacetoxyborohydride (848mg). The mixture was stirred at 
room temperature for 1.5 hours and then poured into ethyl acetate and washed with 
saturated sodium hydrogen carbonate solution and saturated brine. The organic phase 
was dried (MgS0 4 ) and evaporated to dryness in vacuo. The residue was purified by 
column chromatography over silica gel using gradient elution (100% hexane to 50% 
hexane/ethji acetate) to afford the title compound as a gum, 798mg. 
m/z: 490 (MH+) 
Rf: 0.57 (ethyl acetate) 

PREPARATIONS 18 to 20 
The following compounds of the general formula: 




Me "N 



or salts thereof, were prepared from the compound of Preparation 14 by reductive 
alkylation with the appropriate aldehyde by similar methods to that used in Preparation 

17 
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Prep. 

INO. 


R 


Yield 


m/z 


Rf 

(11 EtOAc/Hexane) 


18 




76% 


544 


0.81 


19 




87% 


556 


0.73 


20 




85% 


594 


0.81 



Preparation 1 8 [(/?)- l-[(2£5/0^4-fl™ 

(3-(/erNbutyldimethylsilyl)oxyphen^ 
Preparation 19 [(/?>l-[(2S,5/?)^(4-m^^ 

l-(3-(/erNbutyldimethylsilyl)oxyphenyl)methyl]benzoni^ 
Preparation 20 [(/?)-l-[(2S,5i?)^4-^^ 

piperazinyl]-l-(3-(te/t-butyM^ 

benzonitrile. 



PREPARATION 21 
4-f(/Q-l-K2.T.5/?V4-cvclopro^ 

hydroxvphenvnmethvllbenzonitrile 



N 




To a solution of the compound of Preparation 17 (786mg) in tetrahydrofaran (18ml) was 
added a solution of tetraethylammonium fluoride (592mg) in water (2ml) and the 
resulting mixture was stirred at room temperature for 20 hours. The mixture was 
partitioned between ethyl acetate and water and the layers separated. The organic 
extracts were washed with water and saturated brine solution, dried (MgS04) and 
evaporated to dryness in vacuo. The residue was purified by column chromatography 
over silica gel (ethyl acetate) to afford the title compound, 617mg. 
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m/z: 376 (MH+) 

Rf: 0.35 (ethyl acetate) 

PREPARATIONS 22 to 24 
The following compounds of the general formula: 




or salts thereof; were prepared by desilylation of the corresponding silyl ethers (see 
Preparations 1 8 to 20) by similar methods to that used in Preparation 21 . 



Prep. 
No. 


R 


Yield 


m/z 


Rf 

(1:1 EtOAc/Hexane) 


22 




99% 


430 


0.5 


23 : 


MeO'-C^ 


81% 


442 


0.37 


24 




90% 


480 


0.60 



Preparation 22 [(^)-l-(25,5/?)-2,5-dimethyl-4-[4.fluoroben2yl]-l-piperazinyl.l. 

(3-hydroxyphenyl)methyI]benzonitrile. 
Preparation 23 [(/?)- K25,5/?>2,5^methyl^[4-methoxybenzyl]-l-pipera2inyl- 

l-(3-hydroxyphaiyl)methyl]benzonitrile. 
Preparation 24 [(^)-H25,5^)-2,5-dimethyl^[4-(trifluoroniethyl)ben2yl]-l- 

piperazinyi-l-(3-hydroxyphenyl)methyl]benzonitrile. 



I 7 
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PREPARATION 25 



fzy.5/?Vl-allvl-4-bcnzvl-2,5-dimethYlpipera2ine 



Me 




To a suspension of the camphoric acid salt of (+H2S,5R)-l-aUyl-2,5-dimethylpiperazine 
from Preparation 1 (78. 2g) and benzaldehyde (26.5g) in tetrahydrofiiran (500ml) 
containing glacial acetic acid (2ml) was added sodium triacetoxyborohydride (93.3g) 
portionwise over 10 minutes. The resulting mixture was stirred at room temperature for 
4 hours. The reaction was partitioned between ethyl acetate (1500ml) and aqueous 
sodium hydroxide (750ml of 2N solution). The layers were separated and the organic 
phase was washed with 10% sodium metabisulphite solution (200ml) and saturated brine 
solution. The organic layer was dried (MgS04) and evaporated to dryness in vacuo to 
give the title compound, 52. lg. 
m/z: 245 (MH+) 

Rf: 0.63 (93/7/1 dichloromethane/methanol/ammonium hydroxide) 



Tris(triphenylphosphine)rhodium(I) chloride (3g) was added to a solution of the 
compound of Preparation 25 (52. lg) in acetonitrile (400ml) and water (80ml). The 
reaction mixture was heated under a gentle reflux and the solvent allowed to distil off 
slowly. Additional acetonhrile/water (250ml; 4:1 v/v) was added a such a rate as to 



was continued until the volume was reduced to approximately 200ml. The cooled 



PREPARATION 26 



f-V(2R,5SVl-benzvl-2.S-dimethvlDiDerazine 



H 




maintain a steady distillation. After the addition of solvent was complete the distillation 
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solution was partitioned between ethyl acetate and 2N hydrochloric acid. The layers 
were separated and the organic phase extracted with further 0.5N hydrochloric acid. 
The combined aqueous extracts were basified with 2N sodium hydroxide solution and 
extracted into dichloromethane. The combined organic extracts were dried (MgS04) 
and evaporated to dryness in vacuo, to afford the title compound, 38.2g. 
w/z: 205 (MH*) 

Rf: 0.27 (93/7/1 dichloromethane/methanol/ammonia) 
[<x] D -113°(c 0.2, methanol) 

PREPARATION 27 
ff/^l>f25^/n-2.5-dimethvM>benzvl-l-piDeiminvU1^3-^^ 
butvldimethvlsilvnoxvphenvnmethvnbenzonitrile, 
and 

rr5Vl-r25.5Jn-2.5-dimethvM-benzvl-l-piperazinvl-l>r3^lgf-/- 
butvldimethvlsilvnoxvphenvnmcthvnbenzonitrilcL 

N 

' ^ vx 




and 

A solution of the compound of Preparation 26 (10.2g), benzotriazole (5.95g) and 4- 
cyanobenzaldehyde (6.55g) in toluene (150ml) was heated under reflux with azeotropic 
removal of water for 3 hours. The solution was cooled to ambient temperature and 
added to a cold solution (-25°C) of 3-/er/-butyldimethylsilyloxyphenylmagnesium 
bromide (prepared from 28.7g of the corresponding bromide and 2.4g of magnesium 
turnings) in tetrahydrofuran (100ml) at such a rate as to maintain the internal 
temperature at -25°C. The resulting solution was stirred at 0°C for 15 minutes, ambient 
temperature for 30 minutes and then quenched with 2N sodium hydroxide solution. The 
layers were separated and the aqueous solution extracted with ethyl acetate (2x). The 
combined organic extracts were washed with water, and brine. The organic extracts 
were dried (Na 2 S0 4 ) and evaporated to dryness m vacuo. The residue was purified by 
column chromatography over silica gel using gradient elution (100% dichloromethane to 

n 
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10% ethyl acetate/dichloromethane) to afford the title compounds. The aR- 
diastereomer was the first to elute, 1 7.38g. 
m/z: 526 (MH+) 

Rf: 0.62 (3/1 hexane/ethyl acetate) 

The aS-diastereomer was also isolated and eluted second, 2.61g. 
m/z: 526 (MH+) 

Rf: 0.53 (3/1 hexane/ethyl acetate) 

PREPARATION 28 
ffRVa-(2rSV5rRM-benzvl-2.5-dimethvl-l-piperazinvlV3-ffgit- 
butvldimethvlsilvnoxvbenzvllphenvltetrazole 




OTBS 



A solution of the first compound of Preparation 27 (7.88g) dibutyltin oxide (750mg) and 
trimethylsilyl azide (3.45g) in dry toluene (50ml) were heated together under a gentle 
reflux for 5.5 hours. The reaction mixture was evaporated to dryness in vacuo and the 
residue purified by column chromatography over silica gel (85/15/2 
dichloromethane/methanol/ammonium hydroxide) to afford the title compound, 7.45g. 
m/z: 569 (MIT) 

R f : 0.44 (80/20/3 dichloromethane/methanol/ammonia) 

PREPARATIONS 29 AND 30 
2-f2^5-4>tf/n-14r2^5/n-4-benzvl-2.5>dimethvNl>piperazinvn-143- 
hvdroxvphenvnmethvnphenvl"2g-1.23>4-tetTOol-2-vnethoxv1acetonitrile 

and 

2-r2-(5-4-r(SVl-ff2£5/fi^ 
hvdroxvphenvnmethvnphenvl-2H-lJ3^ 

3 s 
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A solution of the compound of Preparation 28 (2.i2g), 5-bromo-3-oxopentanenitrile 
(620mg)) and potassium carbonate (1.38g) in acetonitrile (40ml)) was heated under a 
gentle reflux for 2.5 hours. The cooled reaction mature was partitioned between water 
and ethyl acetate. The aqueous layer was separated and extracted with further ethyl 
acetate. The combined organic extracts were washed with water, saturated brine 
solution, dried (Na 2 S0 4 ) and evaporated to dryness in vacuo. The residue was dissolved 
in tetrahydrofiiran (20ml) and tetraethylammonium fluoride (1.48g) in water (2ml) 
added. The mixture was stirred at room temperature for 20 hours then partitioned 
between ethyl acetate and water. The layers were separated and the organic phase was 
washed with water and saturated brine solution, dried (MgS0 4 ) and evaporated to 
dryness in vacuo. The residue was purified by column chromatography over silica gel 
(100% hexane to 60% ethyl acetate/hexane) to afford the N-2 isomer, 1.43g, followed by 
theN-1 isomer, 137mg,. 
Data for N-2 Isomer: 
m/z: 538 (MH+) 

Rf: 0.26(1/1 ethyl acetate/hexane) 
Data for N-l Isomer 
m/z: 538 (MH+) 

Rf: 0.16 (1/1 ethyl acetate/hexane) 



33 
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PREPARATION 31 
4-(S-rmVa-r2rS\5fRV4-allvl-2.S-diinethv»-l-DiDerazinvlV3-<err- 
hutvIdimethvlsilvloxvbenzvll-tetrazoIvRbenzene 

OTB S 
£ N j Me 

Me" N 

A solution of the compound of Preparation 5 (8.1g), dibutyltin oxide (3.0g) and 
trimethylsilyl azide (9.96g) in dry toluene (60ml) was heated at 80°C for 72 hours under 
nitrogen. To the cooled reaction mixture was added 880 ammonium hydroxide solution 
and the layer separated. The aqueous solution was diluted with water (100ml) and 
extracted with ethyl acetate (2X100ml). The combined organic extracts were washed 
with water and saturated brine, dried (Na2S04) and evaporated to dryness in vacuo. 
The residue was purified by column chromatography over silica gel using gradient 
elution (90/10/2 to 80/20/3 dichloromethane/methanol/ammonia) to afford the title 
compound, 7.76g. 
m/z : 519 (MH*) 

R f : 0.40 (80/20/3 dichloromethane/methanol/ammonia) 




PREPARATION 32 
3>cvano-rfRV^-r2fS^SfflV^-anvl-2,5-dimethvl-l-piperazinvlV3-/grt- 
hutvldimethvlsilvloxvbenzvllbenzene. 
The compound of the following formula: 




I CO 



W0 98/52W9 PCT/EP98/02277 



was prepared by a similar method to that used in Preparation 5 but using 3- 

cyanobenzaldehyde. 

m/r. 476 (MH+) 

Rf: 0.35 (90/10/2; hexane/isopropanol/ammonium hydroxide) 

Found: C, 72.68; H.8.71; N, 8.28. C^MOSi requires C, 73.21; H, 8.69; N, 8.83% 

PREPARATION 33 
f+W3-(5WmWi-r2r S).SfRV4-allvl-2.5-diinethvl-1-DiDera2invlV.3-^. 
butvldimethvlsHvloxvbenrvll-tetrazolvl) benzene 




N « ^ 0TBS 

N-N N Me 

H I X 

Me' N 



A mixture of the compound of Preparation 32 (5g), azidotrimethylsilane (2.67g) and 
dibutyltin oxide (0.94g) in toluene (40ml) was heated, with stirring, at 70°C for 72 hours. 
The cooled reaction mixture was poured into ammonium hydroxide and ethyl acetate and 
the layers separated. The ammonium hydroxide solution was diluted with water and 
extracted with further ethyl acetate (2x). The combined organic extracts were washed 
with saturated brine, dried (Na 2 S0 4 ), and evaporated in vacuo. The residue was purified 
by column chromatography over silica gel (dichloromethane/methanol/ammonium 
hydroxide; 80/20/3) to afford the title compound, 4.91 g. 
m/z\ 519 (MH+) 

Rf: 0.25 (80/20/3; ethyl acetate/methanol/ammonium hydroxide) 
[a] D +22.6° (c=0.124, methanol) 

Found: C, 64.71; H,8.16; N, 15.70. C2^ 2 N 6 OSi.H 2 0 requires C, 64.89; H, 8.26; N, 
15.66% 



10/ 



WO 98/52929 



PCT/EP98/02277 



PREPARATION 34 
(+VMethvl 4-rrJ?Vl-rfiy < 5/n-4-allvl-2.5-dimethvl-l-piDerazinvn-l-f3- 
methoxyphenvftmethvnbenzoate 




N Me 
Me' N 

{ 

A solution of the compound of Preparation 1 (11.55g), benzotriazole (8.93 g) and methyl 
4-formylbenzoate (12.32g) in toluene (100ml) was heated under reflux with azeotropic 
removal of water for 3 hours. The solution was cooled and added to a cold solution (- 
20°C) of 3-methoxyphenylmagnesium bromide (prepared from 28.05g of the 3- 
bromoanisole and 3.65g of magnesium turnings) in tetrahydrofiiran (100ml) at such a 
rate as to maintain the internal temperature in the range -20 to -15°C. The resulting 
solution was stirred at -20°C for 5 minutes and then wanned to room temperature, 
quenched with saturated aqueous ammonium chloride solution (200ml). The layers were 
separated and the aqueous solution extracted with ethyl acetate (2x 200ml). The 
combined organic extracts were dried (MgS0 4 ) and evaporated to dryness in vacuo. 
The residue was purified by column chromatography over silica gel using gradient 
elution (Hexane to 50% ethyl acetate/hexane) to afford the title compound, 27.95g. 
m/z: 409 (MHT) 

Rf: 0.3 1 (95/5/0.5; hexane/isopropanol/ammonhim hydroxide) 
[a]d+20.7° (c=0.145, methanol) 

Found: C, 71.12; H, 7.66; N, 6.58. C^NjCU/SHaO requires C, 71.13; H, 6.67; N, 
6.58% 



/o2 
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PREPARATION 35 
f+V4-rr/?>-l-rr2.y^i?>-4-allvl-2.S-dimethvl-l-Diperazinvn-l-f3- 
methoxvphenvnniethvll benzoic add 
O 




N Me 
Me"' N 

V 

To a solution of the compound from Preparation 34 (27. 9g) in methanol (200ml) was 
added 2N aqueous sodium hydroxide solution. The resulting suspension was stirred at 
room temperature for 20 hours, and then at 50°C for 2 hours. Solid sodium hydroxide 
(3.2g) was added and the mixture warmed at 50°C for a further hour. The cooled 
solution was evaporated to dryness and the residue purified by column chromatography 
over silica gel (dichloromethane/methanol/ammonium hydroxide; 77/20/3) to afford the 
title compound, 11.06g 

S H (300MHz, CDC1 3 ): 7.97 (2H f d), 7.52 (2H, d), 7.23 (1H, m), 6.79 (3H, m), 6.60 

(1H, v br s), 5.91 (1H, m), 5.23 (3H, m), 3.77 (3H, s), 3.41 (1H, dd), 3.02 (1H, ddX 

2.90 (1H, m), 2.80 (1H, m), 2.64 (2H, m), 2.28 (1H, m), 2.05 (1H, m), 1.19 (3H, d), 

1.05 (3H,d). 

m/z\ 395 (MBT) 

[a] D +17.1° c=0.105, methanol. 



lo3 
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PREPARATION 36 
Ethvl 5-f4-rfJ?Vl-If2£5/^ 

methoTyphenvnmethvllphenvlcarboxaniidolpentanoatc 
O 




C0 2 Et 



A solution of the compound of Preparation 35 (2.512g), 1-hydroxybenzotriazole (1.55g), 
diisopropylethylamine (2.44ml) and l-(3-dimethylaminopropyl>3-ethylcarbodiimide 
hydrochloride (1.464g) in dry dichloromethane (30ml) was stirred under nitrogen for 1 
hour. To this was added ethyl 5-aminovalerate.HCl (139g) and further dichloromethane 
(10ml). The reaction mixture was stirred at room temperature overnight, diluted with 
dichloromethane (100ml) and washed with water (20ml). The organic solution was dried 
(sodium sulphate) and evaporated in vacuo. The brown residue was purified by column 
chromatography over silica gel (98/2; dichloromethane/methanol) to afford the title 
compound, 2.965g. 
m/z: 522 (MN+) 

Rf: 0.31 (95/5; dichloromethane/methanol) 



PREPARATION 37 
Methvl 4-rfRVl'ff2S.5RV4-aHvl-2,5-dimethvH-piperazinvll-W3-tert- 
butyjdjm e t hvlsilvloxvphen vhmethvll benzoate 
O 

" 0TBS 



Me N 



r 1 



• It 



BLANK (uspro) 
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A solution of (-H2R,5S)-!-allyl-2,5-dimethylpiperazi« (22.26g), benzotriazole (17. lSg) 
and methyl 4-fbrmylbenzoate (23. 7g) in toluene (400ml) was heated under reflux with 
azeotropic removal of water for 3 hours. The solution was cooled and added to, a cold 
solution (-20°C) of 3-/e^butyldimethylsilyloxypha!ylmagnesium bromide (prepared 
from 82.9g of corresponding bromide and 7.29g of magnesium turnings) in 
tetrahydro&ran (300ml) at such a rate as to maintain the internal temperature in the 
range -20 to -15°C. The resulting solution was stirred at -20°C for 1.5 hours and then 
warmed to room temperature, quenched with saturated aqueous ammonium chloride 
solution (200ral). The layers were separated and the aqueous solution extracted with 
ethyl acetate (2x 200ml). The combined organic extracts were dried (MgS0 4 ) and 
evaporated to dryness in vacuo. The residue was purified by column chromatography 
over silica gel (85/15/2 hexane/ethyl acetate/diethyl amine) to afford the title compound, 
54.45g. 

m/r. 509 (MKT) 

Rf: 0.44 (93/7/1 dichloromethanc/methanol/ammonium hydroxide) 

PREPARATION 38 
f+V4>ffJ?Vl-ff25,5/?V4-alM«2.5-dimeth^l>DiDera2invll-l>f3- 
hvdroxvphenyDmethvllbenzoic acid 



O 




Me"" N 

i 

To a solution of the compound of Preparation 37 (54.45g) in methanol (150ml) and 
dioxane (100ml) was added sodium hydroxide (214ml of 5N aqueous solution), The 
resulting solution was stirred at room temperature for 18 hours, cooled to 0°C and 
neutralised to pH 7-8 with hydrochloric acid. The solution was evaporated to dryness in 
vacuo and the residue purified by column chromatography over silica using gradient 
elution (95/5/0.5 to 80/20/3 dichloromethane/methanoi/ ammonium hydroxide) to afford 
the tide compound, 25.98g. 

/05T 
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m/z\ 381 (MH+) 

Rf: 0. 14 (80/20/3 dichloromethane/methanol/ ammonium hydroxide) 
[a] D +25.4° (c 0. 12, methanol) 



PREPARATION 39 



f+VMethvl 2^44(/?Vl-ff2^5/?V4-allvN2.5-dimethvl-l-Diperazinvll-l-(3- 
hvdroxvDhenvnmethvnDhenvlcarboxamido)acetate 
0 



A solution of the compound of Preparation 38 (1 1.3g), 1-hydroxybenzotriazole (7.22g), 
diisopropylethylamine(21 .4ml), 1 -(3-dimethylaminopropyl)-3-ethylcarbodiiinide 
hydrochloride (6.83g) and glycine methyl ester hydrochloride (4.48g) in dry 
dichloromethane (150ml) was stirred at room temperature for 48 hours. The solution 
was washed with water and evaporated to dryness in vacuo. The residue was purified by 
column chromatography over silica gel (93/2/0.5 ethyl acetate/methanol/ammonia) to 
give the title compound, 12.8g. 
m/z: 452 (MH+) 

Rf: 0.4 (95/5/0.5 ethyl acetate/methanol/ammonia) 
[ct] D +20.8° (c 0. 13, methanol) 



Methvl 2-f4-rf/r^l-Ff25.5/iV4-allvl>2.S-dimethvl-l-Diperazinvn-l»f3-terr- 





N_Me 



PREPARATION 40 



butvldimethvlsilvloyvphenvnmethvllphenvlcarboxamido)acetate 



O 
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A solution of the compound of Preparation 39 (10g), imidazole (1.58g) and chlorolert- 
butyldimethylsilane (3.5g) in dicWoromethane (60ml) was stirred under nitrogen for 18 
hours. The reaction mixture was diluted with dichloromethane (100ml) and washed 
successively with water (50ml) and saturated aqueous sodium hydrogen carbonate 
(50ml), dried over sodium sulphate and evaporated in vacuo to afford the title 
compound, 12.29g. 
m/z: 566 (MH+) 

Rf: 0.62 (95/5/0.5 dichloromethane/methanol/ammonia) 

PREPARATION 41 
2-12^5^rri?Vl-rf25,5Jn^anvl-2.5-dimethvl-l-DiDerazinvlUl^3- 
hvdroxvphenvnmethvllphenv1-2//-l,2,3.4-tetrazol-2"vnethorv1acetonitrile 




A solution of the compound of Preparation 31 (5.34g), 2-bromoethoxyacetonitrile 
(1.47g) and potassium carbonate (3.88g) in 2-butanone (60ml) was heated under a gentle 
reflux for 1 8 hours. The cooled reaction mixture was partitioned between water and 
ethyl acetate. The aqueous layer was separated and extracted with further ethyl acetate. 
The combined organic extracts were washed with water, saturated brine solution, dried 
(Na2S04) and evaporated to dryness in vacuo to give a brown gum. The residue was 
purified by column chromatography over silica gel (95/5/0.5 diethyl ether/ethanol 
/ammonia) to afford the title compound, 3.46g. 
m/z: 488 (MIT) 

R f : 0.61 (95/5/0.5 diethyl ether/ethanol/ammonium hydroxide) 



toy 
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PREPARATION 42 
4-(l/J-1.23.4-t€traazol-5-vnbenzaldehvde 

N. 
N' 
H 

^CHO 

Trimethylsilyl azide (25g) and dibutyltin oxide (8.8g) were added to a solution of 4- 
cyanobenzaldehyde (13g) in toluene (200ml). The reaction was stirred with wanning to 
50°C over Ihr, and then warmed to 96°C over 30 minutes arid maintained at that 
temperature for 3 hours. The solvent was evaporated in vacuo to afford an orange oil 
which was purified by column chromatography over silica gel (ethyl acetate). The crude 
product was dissolved in refluxing toluene and allowed to cool with stirring overnight. 
The resulting slurry was granulated in an ice-bath for 1 hour, filtered and washed with 
cold toluene. The filtrate was evaporated in vacuo to afford a solid. The solid was 
dissolved in refluxing ethyl acetate (250ml) and concentrated to 60ml by rotary 
evaporation. The solution was cooled to room temperature and then granulated in an ice 
bath. The thick slurry was collected by filtration, washed and dried, with warming, in a 
vacuum oven to afford the title compound, 12g. 

PREPARATION 43 
Fthvl S-f5^4-fnrmvlphenvlV2g-L23>4-tetraa2Ql-2- vllDentanoate 



CHO 



A mixture of the compound of Preparation 42 (450g), potassium carbonate (715.5g) and 
ethyl 5-bromovalerate (593. lg) in acetonitrile (4500ml) was heated together under reflux 
for 5 hours. The suspension was cooled to room temperature and water (4500ml) 
added. The aqueous portion was separated and extracted with ethyl acetate (4500ml). 
The combined organic portions were washed with water (2000ml) and evaporated to 
dryness in vacuo to afford the title compound as a damp pale orange solid, 928g. 
m/z: 303 (MH+) 
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5 H (300MHz, CDCI3): 10.1 (1H, s), 8.32 (2H, d), 8.05 (2H, d), 4.70 (2H, t), 4.1 (2H, q), 
2.40 (2H, t), 2. 15 (2H, m), 1.72 (2H, m), 1.22 (3H, t) 

PREPARATION 44 
3-Bromo-(trimethvlsilvIoxv)benzene 

(Pi MC 

To a stirred solution of 3-bromophenol (382.3g) in acetonitrile (1725ml) under nitrogen 
was added hexamethyldisilazane (235.6g) over 20 minutes. Chlorotrimethylsilane was 
added dropwise to the clear solution over 20 minutes with stirring and the resulting white 
suspension was stirred at room temperature overnight. The slurry was removed by 
filtration and was washed with acetonitrile (200ml). The filtrate was evaporated in 
vacuo to a pale yellow oil which was distilled under vacuum (72°C at O.SmmHg) to give 
the title compound, 541g, as a colourless oiL 

5 H (300MHz,.CDCl3): 7.10 (2H, m), 7.04 (1H, m), 6.80 (1H, m), 0.3 (9H, s) 

PREPARATION 45 
4-(4.5-dihvdro-4.4-dimethvl-2-oxa2olvD- benzaldehvde 

Me 
Me-J 

a 




"CHO 

n-Butyl lithium (9.44ml, 2.5N solution in hexanes) was added to a solution of 2-(4- 
bromophenyl)-4,5-dihydro-4,4-dimethyl-oxazole [A.L Meyers et al., J.O.C., 1974, 39, 
2787] (5g) in tetrahydrofuran (80ml) at -78°C. The reddish solution was stirred at -78°C 
for 15 minutes before dimethylformanride (2.3g) was added dropwise. The resulting 
deep red solution was allowed to warm to room temperature, quenched with ammonium 
chloride solution and extracted into ether. The combined extracts were washed with 
brine, dried (sodium sulphate) and evaporated to dryness in vacuo. The residue was 
purified by column chromatography (30% ethyl acetate/hexane) to afford the title 
compound as a colourless liquid, 3.01g. 

<0(j 
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m/z: 204 (MH+) 

5h (300MHz, CDC1,): 10.04 (1H, s), 8.10 (2H, d), 7.88 (2H, d), 4.12 (2H, s), 1.38 (6H, 
s). 

PREPARATION 46 

4-ffRVa-r2rS'>.5mV4-allvl-2.S-dimethvl-l-DiDerazinvlV3-r2.S-dimethvlnvrrol-l- 

vObenzvHbenzonitrile 




The title compound was prepared in a similar manner to Preparation 5 using the same 
starting materials except that the 3-(2,5-dimethylpyrrol-l-yl)phenylmagnesium bromide 
was used, 
m/z : 439 (MH*) 

5h(300 MHz, ds-DMSO) : 7.76 (2H,d), 7.58 (2H,d), 7.50 (lH,t), 7.32 (lH,d), 7.18 
(lH,d), 7.02 (1H, d), 5.84-5.70 (3H, m), 5.32 (1H, s), 5.14 (1H, d), 5.08 (1H, d), 3.30 
(1H, s), 3.18 (1H, m), 2.84 (1H, dd), 2.66 (1H, d), 2.60-2.42 (2H, m), 2.10 (1H, dd), 
1.92 (6H,s), 172 (1H, m), 1.10 (3H,d), 0.92 (3H, d). 

PREPARATION 47 

4-frRVa-r2rS>.5rRV4-flllvl-2.S-dimethvl-l-DiDerazinvlV3-f2 t 5-dimethvlDvrrol-l- 

vnbenzvllphenvltetrazole 




HO 
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The title compound was prepared in a similar manner to the method of Example 52 using 
the compound of Preparation 46. 
m/z : 482 (MfT) 

6h (300 MHz, ds-DMSO) : 7.94 (2H, d), 7.60-7.44 (3H, m), 7.40 (lH,d), 7.20 (1H, d), 
7.08 (1H.S), 5.82 (lH,m), 5.76 (2H, s), 5.36-5.18 (3H, m), 3.36 (1H, dd), 3.10 (1H, m), 
2.90 (1H, d), 2.80 (1H, m), 2.72 (IH, d), 2.62 (1H, d), 2.36 (1H, ra), 2.00-1.90 (8H, m), 
1.18 (3H,d), 1.02 (3H,d). 



PREPARATION 48 
4-f(RVa-f2fS).5fRV4-anvl-2. S-diinethvl-l-ni P eraziiivn-3. 
aminobenzvllphenvltetrazole 




A mixture of the dimethylpyrrole starting material from Preparation 47, (170 mg; 
0.00035 mole) and hydroxylamine hydrochloride (74 mgs; 0.00105 mole) in ethanol (3 
ml) was heated at reflux for three days. The solvent was removed by rotary evaporation. 
The brown residue was then flash chromatographed on silica; eluant 90/10/1 -> 85/15/2 
-> 80/20/3 CHzClz/MeOH/N^OH to give 54 mg (38%) of the desired product, 
m/z: 404 (MH*) 

8 H (300mhz, DMSO-d*): 7.92 (2H,d); 7.50 (2H,d); 6.97 (lH,t), 6.45 (3H,m); 5.80 
(lH,m); 5.25 (2H,m); 4.92 (lH,bs); 2.55 -> 3.50 (7H,m); 2.20 -> 2.40 (2H,m); 1.95 
(2H,m);1.00 (6H,2xd). 



/// 
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PREPARATION 49 
feM-cvano-f(R,S>-a~-r4-allvl-l-DipenizinvlV3-^grr- 
butvldimethvlsilvloxvbenzvllbenzene 




OTBS 



A solution of 1-allyl piperazine (12.9g), benzotriazole (1 1.9g) and 4-cyanobenzaldehyde 
(13.1g) in toluene (350ml) was heated under reflux with azeotropic removal of water for 
an hour. The solution was allowed to cool to room temperature, and then added to a 
cooled solution (-10°C) of 3-/er/-butyldimethylsilyloxyphenylmagnesium bromide 
(prepared from 57.2g of the corresponding bromide and 4.86g of magnesium turnings) in 
tetrahydrofuran (350ml), at such a rate that the internal temperature did not exceed 0°C. 
The resulting solution was stirred at 0°C for 15 minutes, followed by 30 minutes at room 
temperature. Aqueous saturated ammonium chloride solution was then carefully added, 
the phases separated and the aqueous layer extracted with diethyl ether (2x500ml). The 
combined organic extracts were dried (Na 2 S04) and evaporated to dryness in vacuo to 
give a brown oil The residue was purified by column chromatography over silica gel 
(95/5/0.25 hexane/isopropanol/ammonium hydroxide) to afford the title compound 
(40g). 

m/z: 447 (Nf) 

Rf : 0.46 (90/10/0.75 hexane/isopropanol/ammonium hydroxide) 

5 H (400MHz, CDC1 3 ): 7.49-7.65 (4H, m), 7.12 (1H, dd), 6.82(1H, d), 6.84 (1H, s), 6.68 
(1H, d), 5.84 (1H, m), 5.15 (2H, m), 4.20 (1H, s), 3.00 (2H, d), 2.44 (8H, m), 0.96 (9H, 
s), 0.15(6H,s). 
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PREPARATION 50 
feVrfR.SVa-f4-allvI-l-pi P erazinvlV3-rgrt- 
bntvldimethvlsilYnoxvbenzvnDhenvltetraznle 




OTBS 



A solution of the compound of Preparation 49 (1 Ig), dibutyl tin oxide (2.86g) and 
trimethylsilyl azide (9.22g) in toluene (100ml) were heated together under reflux for 48 
hours. On cooling, the reaction mixture was partitioned between ammonium hydroxide 
solution and ethyl acetate. The phases were separated, and the aqueous layer, extracted 
with further ethyl acetate (2x200ml). The combined organic extracts were dried 
(Na 2 S0 4 ) and evaporated to dryness in vacuo. The residue was purified by column 
chromatography over silica gel using gradient elution (90/10/2-85/15/2.5 
dichloromethane/methanol/ammonium hydroxide) to afford the title compound. 
m/z: 491 (MH 4 ) 

Rf : 0.35 (80/20/3 dichloromethane/methanol/ammonium hydroxide) 
5 H (400MHz, DMSO-d*): 7.90 (2H, d), 7.50 (2H, d), 7.12 (1H, m), 6.87 (1H, d), 6.90 
(1H, s), 6.63 (1H, d), 5.77 (1H, m), 5.20 (2H, m), 4.34 (1H, s), 3.16 (2H, d), 2.61 (4H, 
m), 2.36 (4H, m), 0.88 (9H, s), 0. 1 1 (6H, s). 
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PREPARATION 51 
feVEthvl 4-fS-(4-rfR.SVa^4>aIlvl-l-piDerazinvlV3-rert- 
butvldimethvlsilvloxvbenzvnphenvD-l-tctrazoivnbutvrate 

and 

teVEthvl 4^l4^m,S^4-allvl-l-Di D era2invlV3^ 
butvldimethvlsilvloxvbenzvnphenvU-2-tetrazolvnbatvrate 




A suspension of the compound of Preparation 50 (lg) and bis(tri-n-butyltin) oxide 
(596mg) in ethanol (5ml), was stirred under reflux for 2 hours. On cooling, the reaction 
mixture was evaporated to dryness in vacuo to afford a brown oil. This material was then 
heated under reflux in ethyl 4-bromobutyrate (16ml) for 90 minutes and on cooling the 
mixture was evaporated to dryness in vacuo. The residue was purified by column 
chromatography over silica gel using gradient elution (50/50-100/0 ethyl acetate/hexane) 
to afford the N2 isomer, 550mg. 
m/r. 605 (MHT) 

Rf : 0. 19 (50/50 ethyl acetate/hexane) 

5 H (300MHz, DMSO-ck): 7.95 (2H, d), 7.56 (2H, d), 7.14 (1H, dd), 6.99 (1H, d), 6.93 
(1H, s), 6.64 (1H, d), 5.76 (1H, m), 5.10 (2H, m), 4.72 (2H, t), 4.32 (1H, s), 4.00 (2H, 
q), 2.92 (2H, d), 2.37 (10H, m), 2.19 (2H, m), 1.14 (3H, t), 0.88 (9H, s), 0.15 (6H, s). 



and the Nl isomer, 200mg. 
m/r 605 (MH*) 
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Rr : 0.06 (50/50 ethyl acetate/hexane) 

5 H (300MHz, DMSO-d«): 7.72 (2H, d), 7.61 (2H, d), 7.16 (1H, dd), 7.00 (1H, d), 6.84 
(1H, s), 6.66 (1H, d), 5.78 (1H, m), 5.12 (2H, m), 4.47 (2H, t), 4.38 (1H, s), 3.82 (2H, 
q), 2.93 (2H, d), 2.34 (10H, m), 2.03 (2H, m), 1.08 (3H, t), 0.90 (9H, s), 0.14 (6H, s). 



A solution of n-butyl lithium in tetrahydrofuran (10.8ml, 2.5M), was added dropwise to a 
cooled solution (-78°C) of 3-bromoanisole (50.5g) in tetrahydrofuran (200ml), and the 
resulting suspension stirred at -78°C under a nitrogen atmosphere for an hour. This 
suspension was then cannulated into a cooled solution (-78°C) of 4-bromobenzaldehyde 
(50g) in tetrahydrofuran (200ml) and the reaction maintained at this temperature for 3 
hours. Saturated aqueous ammonium chloride solution was added and the mixture 
allowed to warm to room temperature. The layers were separated, and the aqueous 
phase extracted with diethyl ether. The combined organic extracts were washed with 
water, and evaporated to dryness in vacuo. The residue was suspended between diethyl 
ether (200ml) and saturated aqueous sodium metabisulphite solution (200ml) and the 
mixture filtered to remove the resulting white precipitate. The filtrate was separated and 
the organic layer dried (MgS0 4 ), and evaporated to dryness in vacuo, to give a yellow 
oil. This was triturated with pentane, to afford the title compound as a yellow crystalline 
solid, 42g. 
m/z: 293 (M*T) 



8 H (300MHz, CDCU): 7.46 (2H, d), 7.26 (3H, m), 6.90 (2H, m), 6.81 (1H, d), 5.76 (1H, 
s),3.80(3H,s), 2.25 (1H, s). 



PREPARATION 52 
r±V4-bromo-a-f3-methorvbenzene)benzvl alcohol 




OH 



ns 
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PREPARATION 53 
fc^bromo-a-Q-niethoxvbeiizene^benzvl chloride 




.Me 



A solution of thionyl chloride (21ml) in dichloromethane (80ml) was added dropwise to 
an ice-cooled solution of the compound of Preparation 52 (42g) in dichloromethane 
(400ml), and the reaction stirred at room temperature for 90 minutes. The mixture was 
then evaporated to dryness in vacuo, and azeotroped with toluene, to afford the title 
compound as a brown solid, 45g. 

5h (300MHz, CDC1 3 ): 7.48 (2H, d), 7.29 (3H, m), 6.95 (2H, m), 6.84 (1H, d), 6.03 (1H, 
s),3.80(3H,s). 

PREPARATION 54 
r±V4-bromo-ffR>SVa-(4-allv1-l-DiDerazinvlV3>methoxvbenzvl1benzene 




II 

A suspension of 1-allyl piperazine (2.65g), the compound of preparation 53 (7.85g) and 
potassium carbonate (14.5g) in acetonitrile (50ml) was heated under a nitrogen 
atmosphere under reflux for 18 hours. On cooling, diethyl ether was added and the 
mixture filtered to remove residual solids. The filtrate was washed with water, then brine 
and the product extracted using 2N aqueous hydrochloric acid solution (4x25ml). This 
aqueous solution was then basified with 5N aqueous sodium hydroxide solution and 
extracted with diethyl ether (3x50ml). These combined organic extracts were dried 
(Na 2 S0 4 ) and evaporated to dryness in vacuo to give the title compound as a brown 
gum, 7.0g. 

// i? 
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m/z\ 401 (M 4 ) 

5 H (300MHz, CDC1 3 ): 7.38 (2H, d), 7.28 (2H, d), 7.16 (IH, dd), 6.94 (2H, m), 6.71 
(IH, d), 5.85 (IH, m), 5.14 (2H, m), 4.17 (IH, s), 3.76 (3H, s), 3.00 (2H, d), 2.44 (8H, 
m). 

PREPARATION 55 
(±V4-rfR,SVa-(4-allvl>l-pipei^nvlV3-methoxvbenzvnben2oic acid 




A solution of n-butyl lithium in tetrahydrofuran (1.15ml, 2.5M) was added dropwise to a 
cooled (-78°C) solution of the compound of Preparation 54 (968mg) in tetrahydrofuran 
(10ml), and the resulting orange solution stirred for 15 minutes. Carbon dioxide was 
bubbled through the reaction mixture and h was then allowed to warm to room 
temperature and stirring continued under a nitrogen atmosphere for 72 hours. 2N 
aqueous hydrochloric acid was added, and the resulting mixture basified with ammonium 
hydroxide solution and evaporated to dryness in vacuo. The residue was purified by 
column chromatography over silica gel (80/20/3 dichloromethane/methanol/ammonium 
hydroxide) to afford the title compound as a white powder, 470mg. 
m/z\ 367 (MHO 

5h (300MHz, CDC1 3 ): 7.88 (2H, d), 7.39 (2H, d), 7.09 (1H, dd), 6.88 (2H, m), 6.64 
(IH, d), 5.90 (IH, m), 5.10 (3H, m), 4.20 (1H, s), 3.70 (3H, s), 3.00 (2H, d), 2.50 (4H, 
m), 2.40 (4H, m). 
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PREPARATION 56 
Ethvl 5-aminovalerate hydrochloride 

Hydrogen chloride gas was bubbled through a suspension of 5-aminovaleric acid (12g) in 
ethanol (100ml) and the reaction stirred under reflux for 90 minutes. On cooling, the 
mixture was evaporated to dryness in vacuo, to give an off-white solid. This material 
was recrystallised from ethanol/diethyl ether to afford the title compound, 15. lg. 
m/z: 145 (Nf) 

5 H (300MHz, CDC1 3 ): 8.25 (2H, br.s), 4.12 (2H, t), 3.06 (2H, m), 2.36 (2H, t), 1.79 
(4H,m), 1.23 (3H,t). 



PREPARATION 57 
fcVEthvl 5-f4-fnR,SVf4-allvM-piDerazinvlVi-(3- 
methoxvphenvnmethvllphenvlcarboxainidoWalerate 




A solution of the compound of Preparation 55 (470mg), diisopropylamine (492^1), l-(3- 
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (295mg), 1- 
hydroxybenzotriazole (312mg) and the compound of Preparation 56 (280mg) in dry 
dichloromethane (20ml), was stirred under a nitrogen atmosphere, at room temperature 
for 18 hours. Water (20ml) was added and the mixture extracted with dichloromethane 
(2x25ml). The combined organic extracts were dried (Na 2 S04) and evaporated to 
dryness in vacuo. The residue was purified by column chromatography over silica gel 

us 
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(95/5/0.5 dichloromethane/methanol/ammonium hydroxide) to afford the title compound 
as an oil, 590mg. 
m/z: 494 (MHt) 

Rf ! 0.47 (95/5/0.5 dicMoromethane/methanol/ammonium hydroxide) 
5h (300MHz, : CDC1 3 ): 7.67 (2H, d), 7.50 (2H, d), 7.19 (1H, dd), 6.98 (2H, m), 6.72 
(1H, d), 5.85 OH, m), 5.16 (2H, m), 4.22 (1H, s), 4.13 (2H, q), 3.77 (3H, s), 3.44 (2H, 
m), 3.00 (2H, d), 2.48 (8H, m), 2,36 (2H, t), 1.67 (4H, m), 1.28 (3H, t). 

PREPARATION 58 
2-bromoethoxv acetonitrile 

Br"^ Vv/ ° v -^N 

Triphenylphosphine (6.80g) was added portionwise to an ice-cooled solution of 2- 
hydroxyethoxyacetonitrile (J.Org.Chem. 20; 1990; 5337) (2.50g) and carbon 
tetrabromide (8.62g) in acetonitrile under a nitrogen atmosphere. The reaction mixture 
was stirred at room temperature for 18 hours and then evaporated to dryness in vacuo. 
The residue was triturated with a hexane/dichloromethane solution, the resulting mixture 
filtered and the filtrate evaporated to dryness in vacuo to give an oil. This material was 
purified by column chromatography over silica gel using gradient elution (66/34-50/50 
hexane/dichloromethane) to afford the title compound as a colourless oil, 3.17g. 
m/z: 163 (NT) 

5h (300MHz, CDCI3): 4.35 (2H, s), 3.94 (2H, t), 3.51 (2H, t). 

PREPARATION 59 
f±V2>fS-(4-r(R.SVa--(4-allvl-l-piperazinvlV3-hvdroxvbenzvllDhenvn-2- 



tetrazolvnethoxv acetonitrile 
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A suspension of the compound of Example 55 (3.9g), the compound of Preparation 58 
(1.26g) and potassium carbonate (3.3g) in 2-butanone (120ml) was heated under reflux 
for 72 hours. On cooling, water was added and the reaction mixture extracted with ethyl 
acetate (3x1 00ml). The combined organic extracts were dried (Na2S04) and evaporated 
to dryness in vacuo. The residue was purified by column chromatography over silica gel 
using gradient elution (97/3-95/5 dichloromethane/methanol) and then again with 
(97/3/0-90/10/2 diethyl ether/ethanol/ammonium hydroxide) to afford the title 
compound, 1.74g. 
m/z: 460 (MH*) 

Rf : 0.36 (95/5/0.5 diethyl ether/ethanol/ammonium hydroxide) 

5 H (400MHz, CDC1 3 ): 8.06 (2H, d), 7.54 (2H, d), 7.15 (1H, dd), 6.98 (1H, d), 6.91 (1H, 
s), 6.66 (1H, d), 5.88 (1H, m), 5.32 (1H, s), 5.17 (2H, m), 4.88 (2H, t), 4.22 (5H, m), 
3.04 (2H, d), 2.51(8H,m). 

Found: C, 64.68; H, 6.33; N, 21.07. C25H29N2O2.I/5H2O requires C, 64.83; H, 6.40; N. 
21.17% 

The Nl isomer was also isolated, 160mg. 

PREPARATION 60 
2-(S-f4-^VffR.SVrt-/4-benzvl-l-piperazinvn-3>hvdroxvbenzvllDhenvU-l- 

tetrazolvnethoxvacetonitrile 
and 

2-(S-f4-(±Vf(R.S>-a-(4-benzvl-l-piperazinvlV3-hvdroxYbenzvnphenvU>2- 

tetrazolvnethoxvacetonitrile 




Ilo 
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A suspension of the compound of Preparation 4b (2.16g), the compound of Preparation 
58 (670mg) and potassium carbonate (1.66g) in acetonkrile (40ml), was stirred under 
reflux for 20 hours. On cooling, the reaction mixture was concentrated in vacuo, and the 
residue partitioned between ethyl acetate and water. The layers were separated and the 
aqueous solution extracted with ethyl acetate (2x50ml). The combined organic extracts 
were washed with brine, dried (Na 2 S0 4 ) and evaporated to dryness in vacuo to give a 
brown oil. This material was then dissolved in tetrahydrofuran (20ml), 
tetraethylammonium fluoride (1.23g) added and the reaction stirred at room temperature 
for 18 hours. Water was added and the mixture extracted with ethyl acetate (3x30ml). 
The combined organic extracts were washed with brine, dried (Na 2 S0 4 ) and evaporated 
to dryness in vacuo. The residue was purified by column chromatography over silica gel 
using gradient elution (75/25-65/35 hexane/ethyl acetate) and then again with (95/5 
dichloromethane/methanol) to afford the N2 isomer, 1.55g 
m/z: 510 (MM*) 

S H (400MHz, DMSO-d*): 9.34 (1H, s), 7.98 (2H, d), 7.57 (2H, d), 7.26 (5H, m), 7.08 
(1H, dd), 6.83 (2H, m), 6.56 (1H, d), 4.94 (2H, t), 4.48 (2H, s), 4.24 (1H, s), 4.10 (2H, 
t), 3.44 (2H, s), 2.22-2.48 (8H, m). 
and the Nl isomer, 180mg. 
m/z: 510 (MIT) 

5 H (400MHz, DMSO-d«): 9.36 (1H, s), 7.72 (2H, d), 7.61 (2H, d), 7.26 (5H, m), 7.08 
(1H, dd), 6.83 (2H, m), 6.57 (1H, d), 4.65 (2H, t), 4.40 (2H, s), 4.30 (1H, s), 3.98 (2H, 
t), 3.47 (2H, s), 2.30-2.62 (8H, m). 

PREPARATION 61 
Ethvi 5-(4-[f/n-l-M23^ 

methoxvphenvnmethvnphenvlcarboxamidoWalerat^ 




ill 
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Tris(triphenylphosphine)rhodium(I) chloride (l.Og) was added to a solution of the 
compound of Preparation 36 (8.12g) in acetonitrile (160ml) and water (40ml). The 
reaction mixture was heated under a gentle reflux and the solvent allowed to distil off 
slowly. Additional acetonhrile/water (100ml; 4:1 v/v) was added at such a rate as to 
maintain a steady distillation. After the addition of solvent was complete the distillation 
was continued until the volume was reduced to approximately 60ml. The cooled 
solution was poured into ethyl acetate and washed with saturated aqueous sodium 
bicarbonate solution and saturated brine. The solution was dried (magnesium sulphate), 
evaporated to dryness m vacuo and the residue was purified by column chromatography 
over silica gel using gradient elution (100% dichloromethane to 60/40/1 
dichloromethane/methanol/ammonium hydroxide) to afford the title compound, 6.35g. 
m/r. 482 (NfflT) 

R f: 0.34 (93/7/1 dichloromethane/methanol/ammonium hydroxide) 

PREPARATION 62 
Ethyl 5-(4-UK)-l -U2S.5 j?V4-Dropvl>2.5-dimethvM-Di pera2invll-l-f 3- 
methoxvphenvnmethvllDhenvlcarboxamido^pentanoate 



Et0 2 C 




OMe 



^Nv^Me 
Me N 



Me 

To a solution of the compound of Preparation 61 (600mg), propionaldehyde (102|ig) 
and glacial acetic acid (lOOmg) in dry tetrahydrofuran (20ml) was added, with stirring, 
sodium triacetoxyborohydride (636mg). The resulting mixture was stirred at room 
temperature for 18 hours after which time it was poured into ethyl acetate. The organic 
phase was washed with saturated aqueous sodium hydrogen carbonate solution, 
saturated brine, dried (magnesium sulphate) and evaporated to dryness in vacuo. The 
residue was purified by column chromatography over silica gel using gradient elution 
(100% dichloromethane to 95/5 dichloromethane/methanol) to afford the title 
compound, 611 rag. 

/« 



WO 98/52929 



PCT/EP98/02277 



nt/z; 524 (MH*) 

Rf: 0.62 (93/7/1 dichloromethane/methanol/ammonium hydroxide) 



PREPARATION 63 fn 6* 

The following compounds of the general formula: 
O 




were prepared from the compound of Preparation 61 by reductive alkylation with the 
appropriate aldehyde using a similar method to that described in Preparation 62. 



Preparation 
number 


R 


Rr 


ra/z(MH+) 


63 


♦^^^^Me 


0.64 


538 


64 




0.70 


538 


65 


Me 


0.76 


536 



Preparation 63: Ethyl 5K4-[(/^l-[(2£5/Q-4^tyl-2> 
(3-methoxyphenyl)methyl]phenylcarboxamido)pentanoate 

Preparation 64: Ethyl 5^4-[(^>l-[(2^,5^cyclopropylmethyl-2,5-diniethyl.l. 
piperazinyl]-l-(3-methoxyphenyl)methyl]phenylcarboxamido)pentanoate 
Preparation 65: Ethyl 5-(4-[(/?)-l-[(2S,5i?)-4-wo-butyl-2,5-dimethyl-l- 
piperazinyi]- 1 -(3-methoxyphenyl)methyl]phenylcarboxamido)pentanoate 

/X3 
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PREPARATION 66 
f3SM-benzvl-3-methvlpiperazine 

H w 

& 

(S)-(+)-2-Methylpiperazine (2.63g), benzylbromide (3.12ml) and potassium carbonate 
(5.4g) were heated together in acetonhrile (120ml) at 40°C for 3 days. The mixture was 
evaporated to dryness in vacuo and the residue partitioned between aqueous sodium 
bicarbonate solution and ethyl acetate. The organic phase was separated, dried 
(magnesium sulphate) and evaporated to dryness in vacuo. The residue was purified by 
column chromatography over silica gel using gradient elution (95/5/0 to 92/7/1 
dichloromethane/methanol/ammonhim hydroxide) to afford the title compound as a solid, 
1.12g. 

Rr: 0.25 (92/7/1; dichloromethane/methanol/ammonium hydroxide) 
5« (300MHz, CDC1 3 ): 7.3 (5H, m), 3.5 (2H, s), 2.9 (3H, m), 2.77 (2H, m), 2.02 (1H, 
m), 1.65 (2H,m), 1.02 (3H,m). 

PREPARATIONS 67 and 68 
Methvl 3-fS-f4-formvlDhenvlV2iFM.2>3.4-tetrazolvi-2-vnmethvlbenzoate 

and 

Methvl 3>fS-(4-formvlDhenvlVlg>l>2J.4>tetrazolvl-2-vl1methvlbenzoate 




A mixture of the compound of Preparation 42 (3g), potassium carbonate (7.2g) and 
methyl 2-bromomethylbenzoate (4.35g) in dry acetonitrile (75ml) was heated together 
under reflux for 5 hours. The reaction mixture was cooled to room temperature and 
evaporated to dryness in vacuo. The residue was partitioned between water and ethyl 
acetate, and the organic layer separated, dried (sodium sulphate) and evaporated in 
vacuo. The residue was purified by column chromatography over silica gel using 
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gradient elution (80/20 to 50/50 hexane/ethjd acetate) to afford the title compounds. 
The N-2 isomer eluted first (2.92g) 
m/r. 323 (MHf) 
mp: 113-114"C 

5h (400MHz, CDCI3): 10.08 (1H, s), 8.35 (2H, d), 8.15 (1H, s), 8.08 (1H, d), 8.00 (2H, 
d), 7.63 (1H, d>, 7.49 (1H, t), 5.88 (2H, s), 3.95 (3H, s). 

Found: C, 63.29; H, 4.33; N, 17.19. CH^Oj requires C, 63.35; H, 4.38; N, 17.38% 
followed by the N- 1 isomer (2 1 2mg) 
m/z: 323 (MH*) 

6h (400MHz, CDC1 3 ): 10.12 (1H, s), 8.04 (3H, m), 7.83 (1H, s), 7.78 (2H, d), 7.47 (1H, 
t), 7.35 (1H, d), 5.71 (2H, s), 3.92 (3H, s). 

PREPARATION 69 
Ethvl 3>rS-f4>formvlphenvlV2f/^l>2J,4-tetrazolvl-2-vl1proDionate 



A mixture of the compound of Preparation 42 (3g), potassium carbonate (8.3g) and ethyl 
3-bromopropionate (4.68g) in dry acetonitrile (70ral) was heated together at 50°C for 16 



containing both N-l and N-2 isomers was purified by column chromatography over silica 
gel (1/2 pentane/ethyl acetate) to afford the title compound as a colourless oil, lg. 



5h (300MHz, CDC1 3 ): 10.1 (1H, s), 8.35 (2H, d), 8.00 (2H, d), 4.98 (2H, t), 4.20 (2H, 
q), 3.16 (2H,t), 1.15 (3H,t). 




hours. The reaction mixture was cooled to room temperature and evaporated to dryness 
in vacuo. The residue was partitioned between water and ethyl acetate, and the organic 
layer separated, dried (sodium sulphate) and evaporated in vacuo. The crude residue 
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PREPARATIONS 70 and 71 



Ethvi4-f5-^formvlDhenvlV2/MJ3.4>tetrazolvl-2-vl1butanoate 

and 



Ethvl 4-r5-f4>formvlDhenvn-l/y-1^.3.4-tetrazolvl-2-vnbutanoate 




A mixture of the compound of Preparation 42 (3g), potassium carbonate (5.9g) and 
methyl 4-bromobut^ioate (4.68g) in dry acetonitrile (70ml) was heated together at 50°C 
for 16 hours. The reaction mixture was cooled to room temperature and evaporated to 
dryness in vacuo. The residue was partitioned between water and ethyl acetate, and the 
organic layer separated, dried (sodium sulphate) and evaporated in vacuo. The crude 
residue containing both N-l and N-2 isomers was purified by column chromatography 
over silica gel (1/2 pentane/ethyl acetate) to afford the title compounds as a colourless 
oils. The N-2 isomer eluted first (3.9g): 
Rf: 0.5 (1:2; ethyl acetate/pentane) 



5 H (300MHz, CDC1 3 ): 10.1 (1H, s), 8.33 (2H, d), 8.01 (2H, d), 4.79 (2H, t), 3.70 (3H, 
s), 2.50-2.35 (4H, m). 



Rfi 0.1 (1:2; ethyl acetate/pentane) 

5 H (300MHz, CDCU): 10.13 (1H, s), 8.10 (2H, d), 7.95 (2H, d), 4.58 (2H, t), 3.63 (3H, 
s),2.42(2H, t), 2.28 (2H, m). 



Followed by the N-l isomer (0.35g) 
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CLAIMS 

1 . A compound of the fbrmula:- 




-d) 



or a pharmaceutically acceptable salt thereof 
wherein 

R 1 is H, C2-C 6 alkanoyl, C-Q alkyl, C2-C« alkenyl, C 2 -C« alkynyl, C 3 -C 7 cycloalkyl, (C 3 - 
C 7 cycloalkyl)-(C,-C 4 alkyl), (C,-C 4 aIkoxy>-(C,-C 4 alkyl), carboxy-(C,-C4 alkyl), aryl- 
(CrC 4 alkyl) or heteroaryl-(CrC4 alkyl); 
R 2 and R 3 are each independently H or C r C 4 alkyl; 

R 4 is selected from CO H, (ii) a group of the formula R 6 -(CH 2 ) m -Z-(CH 2 \-, where m is 0, 
1, 2 or 3, n is 1, 2 or 3, Z is a direct link or 0, and R 6 is -CO2H or -C0 2 (C r C 4 alkyl), 
and (iii) a group of the formula 

—a^-jTX 




COjR 7 

where R 7 is H or C r C 4 alkyl; 

and R 5 is hydroxy, Ci-C 4 alkoxy or -NHS02(C r C 4 alkyl); 
with the proviso that when Z is 0, m is 1, 2 or 3 and n is 2 or 3. 

2. A compound as claimed in claim 1, wherein (a) aryl is phenyl or naphthyl, both 
optionally substituted by up to three substituents each independently selected from halo, 
trifluorometbyl, C r C 4 alkyl and C,-C 4 alkoxy, and (b) heteroaryl is a 5- or 6-membered 
aromatic heterocyclic group. 

3 . A compound as claimed in claim 2, wherein (a) aryl is phenyl optionally 
substituted by one or two substituents as defined in claim 2, and (b) heteroaryl is 
thiazolyl, oxazolyl, oxadiazolyl, thiadiazolyl, pyridinyi, pyrimidinyl or pyrazolyl. 

ay 
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4. A compound as claimed in any one of the preceding claims, wherein R l is H, 
allyl, benzyl, C r C 4 alkyl or (C3-C7 cycloalkyl)methyl. 

5. A compound as claimed in claim 4, wherein R 1 is allyl. 

6. A compound as claimed in any one of the preceding claims, where R 2 and R 3 are 
preferably each independently H or CH3. 

7. A compound as claimed in claim 6, wherein R 2 and R 3 are either both H or both 
methyl. 

8. A compound as claimed in claim 7, wherein R 2 and R 3 are both methyl 

9. A compound as claimed in any one of the preceding claims, wherein R 3 is 
hydroxy, methoxy or -NHS0 2 Me. 

10. A compound as claimed in claim 9, wherein R 5 is hydroxy. 

11. A compound as claimed in any one of the preceding claims wherein R 4 is H or a 
group of the formula (a) -(CH^CCfeH or -(CH^pCO^Ci^ alkyl) wherein p is 1,2,3 or 
4 (b) ^CH 2 >rO-CH 2 C0 2 H (c) -(CH 2 )rO-CH 2 C0 2 (CrC4 alkyl) or (d) 




where R 7 is H or C r C 4 alkyl. 

12. A compound of the formula (I) as claimed in any one of the preceding claims 
which has the stereochemistry:- 




R 1 



13. A compound of the formula (I) as claimed in any one of the preceding claims in 
which the tetrazole ring is attached to the 3- or 4- position of the adjacent phenyl ring. 

1X0 
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14. A compound of the formula (I) as claimed in claim 1 which is> 



(+)-5-{4-[(R)^-(2(S)^ 
hydroxybenzyl]phenyl}- 1 H-tetrazole; 



(->5-{4-[( R)^-(2(S),5(R)-4-b^ 
hydroxybenzyl]phenyl}-lH-tetrazole; 



3-(5-{4-[(R)^-(2(S),5(R)-4-^ 
hydroxyfaenzyI]phen^rl}-2-tetrazol^)propionic acid; 



(+)-5^5-{4-[(R)^-(2^ 
hydroxybenzyl]phenyl}-l-tetrazolyI)valeric acid; 

(+>5-(5-{4-[(R)hxK2^ 
hydroxybenzyl]phenjd}-2-tetrazoljd)valeric acid; 

(5-{4^(R)^2(S),5(R)^b^ 
hydroxybenzyl]phen^}-2-tetrazolyl)-4-methylben2oic acid; 

(5-{4^(R>a^2(S),5(RM-^ 
hydroxybenzyl]phenyl}-2-tetrazolyl)-4-methyibenzoicacid; 

(5-{4-[(R)^2(S),5(R)-4^^ 
hydroxybenzyl]phenyl}- 1 -tetrazolyl)-4-methylbenzoic acid; 

(5-{4.[(R^2(S) > 5(RH-benzyl-2,5-dimethyl.l-pipera2^ 
hydroxyben2yl]phenyl}-2-tetrazolyl>4-methylben2oic acid; or 

(5-{4-[(R)^-(2(S),5(R^ 
hydroxybenzyl]phenyl } - 1 -tetrazolyl)-3-methylbenzoic acid. 

15. A pharmaceutical composition comprising a compound of the formula (I) or a 
pharmaceutical^ acceptable salt thereof as claimed in any one of the preceding claims 
and a pharmaceutical^ acceptable diluent or carrier. 

16. A compound of the formula (I) or pharmaceutical^ acceptable salt thereof as 
claimed in any one of claims 1-14, for use as a medicament. 

17. The use of a compound of the formula (I) or of a pharmaceutically acceptable salt 
thereof as claimed in any one of claims 1-14 for the manufacture of a medicament for 
treating or preventing a disease requiring administration of a delta opioid agonist. 

18. A method of treating or preventing a disease requiring administration of a delta 
opioid agonist, which comprises administering to a patient in need of such treatment an 
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t . a compound of the formula (0 or pharmaceuticaUy acceptable salt 
effective amount of a compounu « 

!• , eS uch as arthritis, psoriasis, asthma, or inflammatory bowel 
^sease, a ^/^^ ^ „ ^owel syndrome, functional 

— isr 

associated with a disorder of motility or secrenon, a urogemtal disorder such 
incontinence, or pain including non-somatic pan, 
20. A compound of the formula:- 




-00 



w hereinR\R 2 ,R 3 are as defined m claim 1. 

2i. A compound of the formula- 




(C r C 4 a«kyl)-0^ 

o r Y -(iv) 



R 1 



/3o 
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22. A compound of the formula: 




wherein R 4 is R 6 -(CH 2 ) ra -Z.(CH 2 V and Z 9 m 9 n t K l J^ 9 K 3 ^L 5 and R 6 are as defined in 
claim 1. 



ibi 
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